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/LVWRI9DULDEOHV 
$&RQGXFWRUSURSHUWLHV ܣ௖ &URVV-VHFWLRQDODUHDRIFRQGXFWRU ݉ଶ ܽ௖ 7KHUPDOH[SDQVLRQFRHIILFLHQWRIFRQGXFWRU Ԩିଵ ܥ௣ 6SHFLILFKHDWRIWKHFRQGXFWRU ܬ ሺ݇݃  ? Ԩሻ ?  ܦ௖ &RQGXFWRUGLDPHWHU ݉݉ ܧ௖ <RXQJ¶VPRGXOXVRIFRQGXFWRU ܲܽ ݃ *UDYLWDWLRQDODFFHOHUDWLRQ  ?Ǥ ? ?ܰ ݇݃ ?  ݉ 0DVVRIFRQGXFWRUSHUXQLWOHQJWK ݇݃ ݉ ?  ௔ܶ௩ିு $YHUDJHFRQGXFWRUWHPSHUDWXUHLQIHUUHGIURPWKH
PHDVXUHGFRQGXFWRUWHQVLRQ 
Ԩ 
௖ܶ &RQGXFWRUWHPSHUDWXUH Ԩ ௖ܶ௠௔௫ 0D[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUH Ԩ ݓ :HLJKWRIFRQGXFWRUSHUXQLWOHQJWK ܰ ݉ ?  ߝ௘ (PLVVLYLW\ - ߝ௦ 6RODUDEVRUSWLYLW\ - 
%6SDQSURSHUWLHV ܥ௦௘ $FRQVWDQWLQDVWDWHFKDQJHHTXDWLRQ - ܦ௅ ܦோ 9HUWLFDOGLVWDQFHIURPWKHORZHVWSRLQWWROHIWDQGULJKW
DWWDFKPHQWSRLQWRIDQLQFOLQHGVSDQ 
݉ ܦ௠ 0LGSRLQWVDJRIDVSDQ ݉ ܦ௠ǡோௌ 0LGSRLQWVDJRIDUXOLQJVSDQ ݉ ݂ݎݍ௢ )XQGDPHQWDOIUHTXHQF\RIDVSDQ ܪݖ ܪ ܪ஺ܪ஻ +RUL]RQWDOFRQGXFWRUWHQVLRQDQGWKDWDWOHIWDQGULJKWDWWDFKPHQWSRLQWRIDVSDQ ܰ ܪ௘ &RQGXFWRUHOHYDWLRQDERYHVHDOHYHO ݉ ݄௖  9HUWLFDOGLVWDQFHEHWZHHQWZRDWWDFKPHQWSRLQWVRIDQ
LQFOLQHGVSDQ 
݉ ܮ௖ /LQHOHQJWKRIDVSDQ ݉ 
XVII 
 
ܮܽݐ ܮ݋݊ /DWLWXGHDQGORQJLWXGHRIFRQGXFWRU ݎܽ݀݅ܽ݊ݏ ௠ܲ ௠ܲᇱ  9HUWLFDOGLVWDQFHIURPWKHKRUL]RQWDOPLGSRLQWRIDQ
LQFOLQHGVSDQWRWKHOHYHORIWKHKLJKHUDWWDFKPHQWSRLQW 
݉ ܵ௖ +RUL]RQWDOVSDQOHQJWK ݉ ܵ௖ᇱ  6SDQOHQJWK ݉ ܵோௌ 5XOLQJVSDQOHQJWK ݉ ஺ܸ ஻ܸ 9HUWLFDOWHQVLRQVDWOHIWDQGULJKWDWWDFKPHQWSRLQWV ܰ ݔ௖ +RUL]RQWDOGLVWDQFHIURPDSDUWLFXODUSRLQWWRWKHOHIW
DWWDFKPHQWSRLQWRIDVSDQ  
݉ ܺ௅ ?ܺோ +RUL]RQWDOGLVWDQFHIURPWKHORZHVWSRLQWWRWKHOHIWDQG
ULJKWDWWDFKPHQWSRLQWRIDQLQFOLQHGVSDQ 
݉ ݕ௖ሺݔ௖ሻ 9HUWLFDOGLVWDQFHIURPWKHFRQGXFWRUDW ݔ௖ WRWKHOHIW
DWWDFKPHQWSRLQWRIDVSDQ  
݉ ܼ௟ /LQHD]LPXWK ݎܽ݀݅ܽ݊ݏ  ?ܯ௢  1HWWRUTXHDWDSDUWLFXODUSRLQWDORQJDOLQH ܰ  ?  ݉
&:HDWKHUGDWD ݏ௥ 6RODUUDGLDWLRQ ܹ ݉ଶ ?  ௔ܶ $LUWHPSHUDWXUH Ԩ ݒ௔ $LUYLVFRVLW\ ܲܽ  ? ݏ ݓ௦ :LQGVSHHG ݉ ݏ ?  ݓௗ :LQGGLUHFWLRQ ݎܽ݀݅ܽ݊ݏ ߝ௔ 7KHUPDOFRQGXFWLYLW\RIDLU ܹ ሺ݉  ? Ԩሻ ?  ߩ௔ $LUGHQVLW\ ݇݃ ݉ଷ ?  ߠ௠௘௧ 0HWHRURORJLFDOZLQGGLUHFWLRQ ݎܽ݀݅ܽ݊ݏ ߠ௣௢௟௔௥ :LQGYHFWRUSRODUDQJOH ݎܽ݀ܽ݅݊ݏ ߠ௩௘௖௧ :LQGYHFWRUD]LPXWK ݎܽ݀݅ܽ݊ݏ 
''\QDPLFOLQHUDWLQJFDOFXODWLRQ ܣᇱ 3URMHFWHGDUHDRIFRQGXFWRU ݉ଶ ݉ ?  ܥ௦ 6RODUD]LPXWKFRQVWDQW ݎܽ݀݅ܽ݊ݏ 
XVIII 
 
݀௡௨௠ 'D\RIWKH\HDU  - ܪ௦ $OWLWXGHRIVXQ ݎܽ݀݅ܽ݊ݏ ܫ ܫ௟௦ $&FXUUHQW ܣ ܫ௦௦ 6WHDG\-VWDWHUDWLQJ ܣ ܫ௦௦ି௟௦ 6WHDG\-VWDWHUDWLQJRIDOLQHVHFWLRQ ܣ ܭ௔௡௚௟௘ :LQGGLUHFWLRQIDFWRU - ܴܰܶ 1HWUDGLDWLRQWHPSHUDWXUH Ԩ ܰெ஼ 1XPEHURI0RQWH&DUORVFHQDULRV - ܴ $&UHVLVWDQFHSHUXQLWOHQJWK ȳ ݉ ?  ௖ܶ௛௜௚௛  ௖ܶ௟௢௪ +LJKDQGORZFRQGXFWRUWHPSHUDWXUHVIRUZKLFKDFUHVLVWDQFHVDUHVSHFLILHG Ԩ ௙ܶ௜௟௠ $YHUDJHWHPSHUDWXUHRIWKHERXQGDU\OD\HU Ԩ ܳ௖ &RQYHFWLRQKHDWORVVUDWHSHUXQLWOHQJWK ܹ ݉ ?  ܳ௖௙ܳ௖௙ଵܳ௖௙ଶ )RUFHGFRQYHFWLRQKHDWORVVUDWHSHUXQLWOHQJWK ܹ ݉ ?  ܳ௖௡ 1DWXUDOFRQYHFWLRQKHDWORVVUDWHSHUXQLWOHQJWK ܹ ݉ ?  ܳ௥ 5DGLDWLRQKHDWORVVUDWHSHUXQLWOHQJWK ܹ ݉ ?  ܼ௦ 6XQD]LPXWK ݎܽ݀݅ܽ݊ݏ ݍ௦௘ 7RWDOVRODUDQGVN\UDGLDWHGKHDWLQWHQVLW\DWFRQGXFWRU
HOHYDWLRQ 
ܹ ݉ଶ ?  ݓ௛ +RXUDQJOHUHODWLYHWRQRRQ ݎܽ݀݅ܽ݊ݏ ߠ௦ (IIHFWLYHDQJOHRILQFLGHQFHRIVXQ¶VUD\ ݎܽ݀݅ܽ݊ݏ ߴௗ :LQGDWWDFNDQJOHEHWZHHQZLQGGLUHFWLRQDQG
FRQGXFWRUD]LPXWK 
ݎܽ݀݅ܽ݊ݏ ߜ௦ 6RODUGHFOLQDWLRQ ݎܽ݀݅ܽ݊ݏ ߯௦ 6RODUD]LPXWKYDULDEOH - 
(3UREDELOLVWLF)RUHFDVWLQJ ࢈ ࡮ 0DWUL[RIFRQVWDQWVDQGDXWR-UHJUHVVSDUDPHWHUV - ܿ଴ ܿଵ ܿ଴଴ ܿ଴ଵ &RHIILFLHQWVUHSUHVHQWLQJFRQGLWLRQDO
KHWHURVFHGDVWLFLW\ 
- ܿݎ݌ݏܿݎ݌ݏ௟ܿݎ݌ݏ௖ &RQWLQXRXVUDQNHGSUREDELOLW\VFRUH 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ࢋ ࡱ 0DWUL[RI*DXVVLDQQRLVHWHUPV  ݁௧ ࡱ࢚ ࡱ࢚ᇱ  *DXVVLDQQRLVHWHUPV  ܨ௖ ܨ௟ 3UHGLFWLYHFXPXODWLYHGLVWULEXWLRQIXQFWLRQVIRUD
FLUFXODUYDULDEOHDQGDOLQHDUYDULDEOH 
- ܨܵ௢ 2IIVHWRIWLPHVHULHV  ܨ ௜ܵ ߮௜ )RXULHUFRHIILFLHQWVRIWKH ݅௧௛ KDUPRQLFV - ܭ 1XPEHURIWDUJHWORFDWLRQV - ܮ /HQJWKRIWLPHVWHSVDKHDG - ݌ 2UGHURIDQ$5RU9$5PRGHO  - ݌௙௦ 2UGHURI)RXULHUVHULHV - ܶݎ݁݊݀ 7HPSRUDOWUHQG  ݑ ࢛ ࢛ᇱ &RQVWDQWVLQDQ$5RU9$5PRGHO  ߱௙௦ $QJXODUIUHTXHQF\RI)RXULHUVHULHV - ݔ௔ ݔ௩ ݔఏ ݔ 9DULDEOHLQSUREDELOLW\GHQVLW\IXQFWLRQ  ݔ௢ ߠ௢ $FWXDOYDOXHRIDOLQHDURUFLUFXODUYDULDEOH  ܺ ܺᇱ ߆ ߆כ ,QGHSHQGHQWUDQGRPVDPSOHVIURPWKHSUHGLFWLYH
FXPXODWLYHGLVWULEXWLRQIXQFWLRQIRUDOLQHDURU
FLUFXODUYDULDEOH 
 
࢟ ࢅ 0DWUL[RIGH-WUHQGHGGDWDWREHIRUHFDVW  ࢠ ࢆ 0DWUL[RIKLVWRULFGH-WUHQGHGGDWD  ݖǁ௧ ࢆ෩௧ ݖǁ࢚ᇱ ࢆ෩࢚ᇱ  'H-WUHQGHGGDWDRUUHVLGXDOV  ߚ௜ ߚ௜ᇱ ࡭௜ ࡭௜ᇱ $XWR-UHJUHVVLYHSDUDPHWHUVLQDQ$5RU9$5PRGHO - ࢼ௣ ࢼ௞௞ 0DWUL[RIDXWR-UHJUHVVLYHSDUDPHWHUV - ߚ௞௞ 3DUWLDODXWRFRUUHODWLRQIXQFWLRQDWWLPHODJ ݇ - ߞ௞ $XWR-FRYDULDQFHDWWLPHODJ ݇ - ߩ௞ $XWRFRUUHODWLRQVRIWLPHVHULHVDWWLPHODJ ݇ - ࣋௣ ࡼ௣ ࡼ௞ 0DWUL[RIDXWRFRUUHODWLRQV - ߤ௔ ߪ௔ 3UHGLFWLYHFHQWUHDQGVSUHDGRIDLUWHPSHUDWXUH - ߤ௩ ߪ௩ 3UHGLFWLYHFHQWUHDQGVSUHDGRIZLQGVSHHG - ߤఏ ߢ 3UHGLFWLYHFHQWUHDQGFRQFHQWUDWLRQSDUDPHWHURI
ZLQGGLUHFWLRQ 
- ߠଵ ߠଶ 5DQGRPGLUHFWLRQVZLWKLQDQLQWHUYDO ሾെߨǡ ߨሻ ݎܽ݀݅ܽ݊ݏ 
XX 
 
ߙሺ ?ሻ 2SHUDWRURIFLUFXODUGLVWDQFH - ܧሼ ?ሽ 2SHUDWRURIH[SHFWHGYDOXH - ݂ሺ ?ሻ ݂፼ሺ ?ሻ݂፼ାሺ ?ሻ ݂௏ெሺ ?ሻ 3UHGLFWLYHSUREDELOLW\GLVWULEXWLRQDQGWKDWIRUDLUWHPSHUDWXUHZLQGVSHHGDQGZLQGGLUHFWLRQ - ፼ሺ ?ሻ 1RUPDOGLVWULEXWLRQ - ፼ାሺ ?ሻ 7UXQFDWHGQRUPDOGLVWULEXWLRQZLWKDFXW-RIIDW]HUR - ܸܯሺ ?ሻ 9RQ0LVHVGLVWULEXWLRQ - ׎ሺ ?ሻ ߔሺ ?ሻ 3UREDELOLW\GHQVLW\IXQFWLRQDQGFXPXODWLYH
GLVWULEXWLRQIXQFWLRQRIDVWDQGDUGQRUPDO
GLVWULEXWLRQ 
- 
ܫ଴ሺ ?ሻ 0RGLILHG%HVVHOIXQFWLRQRIWKHILUVWNLQGRIRUGHU
]HUR 
- ܨ௢ሺݔǡ ݔ௢ሻ +HDYLVLGHIXQFWLRQHTXDOOLQJLIWKHYDULDEOH ݔ
JUHDWHUWKDQDFWXDOYDOXH ݔ௢ - 
7KHXQLWLVUHODWHGWRWKHZHDWKHUYDULDEOHRILQWHUHVW 
)5DQN&RUUHODWLRQEDVHG3DLULQJ ܥܽ௟ǡ௖ଶ   &-DVVRFLDWLRQGHVFULELQJWKHUDQNUHODWLRQVKLSEHWZHHQOLQHDUDQGFLUFXODUYDULDEOHV  - ܥݎܰݎܥݎܿܥݎ௦ &RHIILFLHQWVIRU&-DVVRFLDWLRQFDOFXODWLRQ - ܥோ, ܥெோ 5DQNFRUUHODWLRQPDWULFHVFDOFXODWHGIURPVHULHVRIUHFHQW
ZHDWKHUGDWDDQGDUELWUDU\YDQGHU:DHUGHQVFRUHV 
- ܯோ 0DWUL[FRPSULVLQJDUELWUDU\YDQGHU:DHUGHQVFRUHV - ܯோכ  0DWUL[KDYLQJDUDQNFRUUHODWLRQVLPLODUWR ܥோ - ௥ܰ 1XPEHURIGDWDSDLUVIRUUDQNFRUUHODWLRQFDOFXODWLRQ - ݊ோ 1XPEHURIYDULDEOHVWREHSDLUHG - ோܲ, ܳோ /RZHUWULDQJXODUPDWULFHVREWDLQHGIURP ܥோ and ܥெோ - ݎ௟ǡ௜ /LQHDUUDQNRIWKH ݅௧௛ OLQHDUGDWD -  ?ݎ௟ǡ௜ 5DQNGLIIHUHQFHEHWZHHQWKH ݅௧௛ GDWDSDLUIRUOLQHDUYDULDEOHV - ݎ௖ǡ௜ &LUFXODUUDQNRIWKH ݅௧௛ FLUFXODUGDWD - ݎ௖௟ǡ௜ /LQHDUUDQNRIWKH ݅௧௛ FLUFXODUGDWDZKHQWUHDWHGDVOLQHDUGDWD - ݎܿ௟ǡ௟ 6SHDUPDQ¶VUDQNFRUUHODWLRQFRHIILFLHQWEHWZHHQOLQHDU
YDULDEOHV 
- 
XXI 
 
*6SDWLDO,QWHUSRODWLRQ ܽఊ ܾఊ ܿఊ &RHIILFLHQWVXVHGLQPDWKHPDWLFDOIXQFWLRQVWRILW
VHPL-YDULDQFHV 
- ܥ݋ݒ &RYDULDQFHEHWZHHQZHDWKHUYDULDEOHV  ܥ݋ݒ௡௘௚ &RYDULDQFHEHWZHHQZHDWKHUYDULDEOHVDWWKHWDUJHW
ORFDWLRQDQGWKHVDPSOHGORFDWLRQWKDWKDVDQHJDWLYH
NULJLQJZHLJKW 
 
݀ݏ௜ǡ௢ 'LVWDQFHEHWZHHQWDUJHWORFDWLRQDQGWKH ݅௧௛
VDPSOHGORFDWLRQ 
݇݉ ݁ݎݎ݋ݎఏ݁ݎݎ݋ݎఏכ (UURUVRIZLQGGLUHFWLRQHVWLPDWHV ݎܽ݀݅ܽ݊ݏ݈݋ܿ௢ ݈݋ܿ௜ 7DUJHWORFDWLRQDQGWKH ݅௧௛ VDPSOHGORFDWLRQ - ݄௦ 6SDWLDOGLVWDQFHODJEHWZHHQWZRZHDWKHUYDULDEOHV ݇݉ ࡷ 0DWUL[RIFRYDULDQFHVEHWZHHQVDPSOHGORFDWLRQV  ࢑ 9HFWRURIFRYDULDQFHVEHWZHHQWKHWDUJHWDQGVDPSOHG
ORFDWLRQV 
 ݈ݒ݈௔௡௘ 7KHDQHPRPHWHU¶VKHLJKW ݉ ݈ݒ݈௥௘௙ 7KHUHIHUHQFHOHYHO ݉ ݉݁ ([SHFWHGYDOXHRUWUHQGFRPSRQHQWVRIZHDWKHU
YDULDEOHV 
 ߦሺ݈݋ܿ௢ሻ ߦሺ݈݋ܿ௜ሻ :HDWKHUGDWDDWWKHWDUJHWORFDWLRQRUWKH ݅௧௛
VDPSOHGORFDWLRQ 
 ܰሺ݄௦ሻ 1XPEHURISDLUVRIZHDWKHUYDULDEOHV ߦሺ݈݋ܿ௜ሻ DQGߦሺ݈݋ܿ௜ ? ௦݄ሻWKDWDUHDGLVWDQFHODJ ݄௦ DSDUW - ܰሺ݈݋ܿሻ 1XPEHURIVDPSOHGORFDWLRQV - ݍ 3RZHUSDUDPHWHULQDQ,':PHWKRG - ݎ݈௢ *URXQGURXJKQHVVOHQJWK ݉ ݓ௦ǡ௔௡௘ :LQGVSHHGDWDQDQHPRPHWHU¶VKHLJKW ݉ ݏ ?  ݓ௦ǡ௥௘௙ :LQGVSHHGDWDUHIHUHQFHOHYHO ݉ ݏ ?  ߛሺ݄௦ሻ ߛכሺ݄௦ሻ (PSLULFDODQGILWWHG6HPL-YDULDQFHVDWODJ ݄௦  ߣ݅ߣܫܦܹǡ݅ߣܭܴܫǡ݅ߣ௄ோூǡ௜ǡ௡௘௪ :HLJKW,':ZHLJKWNULJLQJZHLJKWDQGFRUUHFWHGNULJLQJZHLJKWDVVLJQHGWRWKH ݅௧௛ VDPSOHGORFDWLRQ - ߣ௄ோூǡ௡௘௚ 1HJDWLYHNULJLQJZHLJKWV - 
7KHXQLWLVUHODWHGWRWKHZHDWKHUYDULDEOHRILQWHUHVW 
XXII 
 
+7UDQVLHQW-VWDWH&DOFXODWLRQ ܫ௜ ܫ௙ ,QLWLDOILQDOOLQHFXUUHQWEHIRUHDIWHUVWHSRFFXUV ܣ ܫ௜ǡ௘௤ $QHTXLYDOHQWVWHDG\-VWDWHOLQHFXUUHQWEHIRUHVWHS
FKDQJHV 
ܣ ܫ௦௦ǡଵܫ௦௦ǡଶܫ௦௦ǡଷ 6WHDG\-VWDWHUDWLQJIRUHFDVWVIRUXSWRWKUHH
-PLQXWHWLPHVWHSVDKHDG 
ܣ ܫ௧௦ ܫ௧௦ǡଵ ܫ௧௦ǡଶܫ௧௦ǡଷ 7UDQVLHQW-VWDWHUDWLQJDQGWKDWIRUDVSHFLILHGWLPHSHULRGRIRUPLQXWHV ܣ ܭ௖ ܭ௖ᇱ 7KHUDWHDWZKLFKWKHVXPRIWKHOLQHDUL]HGFRROLQJ
WHUPVYDULHVZLWKFRQGXFWRUWHPSHUDWXUH 
ܹ ሺ݉  ? Ԩሻ ?  ܳ௫  ? ௫ܳ $SDUWLFXODUKHDWLQJRUFRROLQJWHUPSHUXQLWOHQJWK
DQGLWVVWHSFKDQJH 
ܹ ݉ ?  ܳ௖ǡ௟௜௡௘௔௥௜௭௘ௗ /LQHDUL]HGFRQYHFWLRQKHDWORVVUDWHSHUXQLWOHQJWK ܹ ݉ ?   ?ݐ 6XIILFLHQWO\VPDOOWLPHLQWHUYDO ݏ݁ܿ ݐ݌ $VSHFLILHGWLPHSHULRG ݉݅݊ ௖ܶ௜ǡ ?௧ ௖ܶ௙ǡ ?௧௖ܶ௔௩ǡ ?௧ ,QLWLDOILQDODQGDYHUDJHFRQGXFWRUWHPSHUDWXUHVRYHUDWLPHLQWHUYDO  ?ݐ Ԩ ௖ܶ௜ ௖ܶ௙௧௦ ,QLWLDODQGILQDOFRQGXFWRUWHPSHUDWXUHVRID
VSHFLILHGWLPHSHULRG 
Ԩ 
௖ܶ௜௦௦ ௖ܶ௙௦௦௖ܶ௔௩௦௦ 6WHDG\-VWDWHLQLWLDODQGILQDOFRQGXFWRUWHPSHUDWXUHVRIDVSHFLILHGWLPHSHULRGDQGWKHLU
DYHUDJHYDOXH 
Ԩ 
௔ܶ௩௚ $YHUDJHRI ௖ܶ௜ DQG ௖ܶ௙௦௦ Ԩ ௖ܶଵ଴ ௖ܶଶ଴ ௖ܶଷ଴ 7UDQVLHQW-VWDWHILQDOFRQGXFWRUWHPSHUDWXUHVDWWKH
HQGRIDQGPLQXWHV 
Ԩ ݓܿ :HDWKHUFRQGLWLRQVDIWHUVWHSFKDQJHV  ݓ ଵ݂ݓ ଶ݂ݓ ଷ݂ :HDWKHUIRUHFDVWVIRUXSWRWKUHHVWHSVDKHDG  é௜ é௙ 7KHULVHVDERYHWKHDLUWHPSHUDWXUHIRUWKHLQLWLDO
FRQGXFWRUWHPSHUDWXUH ௖ܶ௜ DQGWKHVWHDG\-VWDWH
ILQDOFRQGXFWRUWHPSHUDWXUH ௖ܶ௙௦௦ 
Ԩ 
߬ ߬௫ 7KHUPDOWLPHFRQVWDQWDQGWKDWIRUWKHVWHSFKDQJH
LQDSDUWLFXODUKHDWLQJRUFRROLQJWHUP  ? ௫ܳ ݉݅݊  ?ܩܽ݅  ݊ 'LIIHUHQFHEHWZHHQWKHDVVXPHGDQGDFWXDOKHDW
JDLQUDWHVSHUXQLWOHQJWK 
ܹ ݉ ?  
XXIII 
 
 ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗ 'LIIHUHQFHEHWZHHQWKHVXPVRIOLQHDUL]HGFRROLQJ
WHUPVWKDWYDU\ZLWKFRQGXFWRUWHPSHUDWXUHDW
GLIIHUHQWUDWHV 
ܹ ݉ ?  
ܨଵሺ ?ሻ ܨଶሺ ?ሻ )XQFWLRQVXVHGLQWKHVHFDQWPHWKRGWRGHWHUPLQH
WKHVWHDG\-VWDWHILQDOFRQGXFWRUWHPSHUDWXUHDQG
WKHWUDQVLHQW-VWDWHUDWLQJIRUDVSHFLILHGWLPHSHULRG 
- 
7KHXQLWLVUHODWHGWRWKHZHDWKHUYDULDEOHRILQWHUHVW 
,:LQG*HQHUDWLRQ&DOFXODWLRQ ܽ௪௣ܾ௪௣ܿ௪௣ &RHIILFLHQWVXVHGLQDJHQHULFSRZHUFXUYHPRGHO  - ܦܮܴଵ ܦܮܴଶܦܮܴଷ '\QDPLFOLQHUDWLQJIRUHFDVWVIRUXSWRWKUHH-PLQXWHVWLPHVWHSVDKHDGIRURYHUKHDGOLQHV ܯܸܣ  ?ܹܲି  ?ܹ ାܲ 7KHPD[LPXPYROXPHWKDWDZLQGIDUPLVDOORZHGWR
UDPSGRZQRUXSLQPLQXWHV 
ܹ ܹ ଴ܲ ܹ ଵܲܹ ଶܲ ܹ ଷܲ 3UHVHQWZLQGSRZHURXWSXWDQGSODQQHGSRZHURXWSXWVDIWHUDQGPLQXWHV ܹ ܹܲ௔௩ ܹ ଵܲ௔௩ܹ ଶܲ௔௩ ܹ ଷܲ௔௩ ([SHFWHGDYDLODEOHZLQGSRZHUDQGWKHIRUHFDVWVIRUXSWRWKUHH-PLQXWHVWLPHVWHSVDKHDG ܹ ܹ ௥ܲ௔௧௘ௗ 5DWHGSRZHUIRUDZLQGWXUELQH ܹ ݓ௦ǡ௛௨௕ :LQGVSHHGDWWKHKXEKHLJKW ݉ ݏ ?  ݓ௦ǡ௜௡ ݓ௦ǡ௢௨௧ݓ௦ǡ௥௔௧௘ௗ &XW-LQFXW-RXWDQGUDWHGZLQGVSHHGVIRUDZLQGWXUELQH ݉ ݏ ?  
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1. ,1752'8&7,21 
1.1. %DFNJURXQGWR'\QDPLF/LQH5DWLQJ 
7KHUHDO-WLPHWKHUPDOUDWLQJ5775LVWKHPD[LPXPOHYHORISRZHUIORZDWZKLFKD
VHFWLRQRIWUDQVPLVVLRQRUGLVWULEXWLRQQHWZRUNFDQEHRSHUDWHGVDIHO\DQGUHOLDEO\DW
WKH WLPH LQ TXHVWLRQ >@ ,Q WKH FDVH RI RYHUKHDG OLQHV 2+/V 5775 LV W\SLFDOO\
UHIHUUHGWRDVG\QDPLFOLQHUDWLQJ'/57KHFXUUHQWSDVVLQJWKURXJKDOLQHKDVWREH
OLPLWHG WRDFHUWDLQYDOXH LQRUGHU WRDYRLG H[FHVVLYHFRQGXFWRU WHPSHUDWXUHZKLFK
OHDGVWRDQXQZDQWHGDFFHOHUDWLRQRIDJLQJDQGH[FHVVLYHVDJRIDVSDQZKLFKPD\
YLRODWH WKH PLQLPXP UHTXLUHG FOHDUDQFH >@ $Q 2+/ LV FRQYHQWLRQDOO\ RSHUDWHG
EHORZ D VWDWLF OLQH UDWLQJ 6/5 ZKLFK LV HVWLPDWHG WKURXJK D WKHUPDO PRGHO RI
RYHUKHDGFRQGXFWRUV WKDWKDVEHHQSURSRVHG LQ ,(((6WDQGDUG>@DQG&,*5(
7HFKQLFDO%URFKXUH>@XVLQJDPD[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUHDQGD
FRQVHUYDWLYH VHW RI ZHDWKHU FRQGLWLRQV VXFK DV D ORZ ZLQG VSHHG DQG D KLJK DLU
WHPSHUDWXUHIRUDSDUWLFXODUVHDVRQ>@ 
2+/V KDYH UHFHLYHG SDUWLFXODU DWWHQWLRQ LQ UHVSHFW RI G\QDPLF RU UHDO-WLPH UDWLQJV
GXH WR WKHLU KLJKGHSHQGHQF\RI VDIH UDWLQJVRQ DPELHQW FRQGLWLRQV0RVW UHSRUWHG
VWXGLHVUHODWHGWR'/5VGHDORQO\ZLWKFRQWLQXRXVRUVWHDG\-VWDWH'/5VZKLFKOHDG
WR D PD[LPXP DOORZDEOH FRQGXFWRU WHPSHUDWXUH IRU VSHFLILHG ZHDWKHU FRQGLWLRQV
XQGHU WKH DVVXPSWLRQ RI WKH FRQGXFWRU EHLQJ LQ WKHUPDO HTXLOLEULXP >@ 8QGHU
WUDQVLHQW FRQGLWLRQV WKH WHPSHUDWXUH RI D FRQGXFWRU RSHUDWHG DW WKH VKRUW-WHUP RU
WUDQVLHQW-VWDWH '/5 ZLOO JUDGXDOO\ DSSURDFK WKH PD[LPXP DOORZDEOH OLPLW XQGHU
VSHFLILHGZHDWKHUFRQGLWLRQVRYHUDJLYHQVKRUWWLPHSHULRGW\SLFDOO\OHVVWKDQKDOI
KRXUFRQVLGHULQJWKHLQLWLDOWHPSHUDWXUHDQGWKHUPDOLQHUWLDRIWKHFRQGXFWRU>@7KH
DFWXDOSRZHU WUDQVIHUFDSDFLW\RIDQ2+/ LVXVXDOO\KLJKHU WKDQ WKH6/5VLQFH WKH
FRQVHUYDWLYHZHDWKHUFRQGLWLRQVXVHGWRHVWLPDWHWKH6/5UDUHO\RFFXULQSUDFWLFH$
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ZLQG VSHHG DERYH WKH FRQVHUYDWLYH OHYHO FDQ SURYLGH D VLJQLILFDQW FRROLQJ RI WKH
FRQGXFWRU E\ FRQYHFWLRQ DZD\ RI WKH -RXOH KHDW JHQHUDWHG E\ WKH DVVXPHG KLJK
FXUUHQW>@7KH2QFRU(OHFWULF'HOLYHU\&RPSDQ\KDVGHSOR\HG'/5WHFKQRORJLHV
RQHLJKWN9DQGN9RYHUKHDGWUDQVPLVVLRQOLQHVORFDWHGLQFHQWUDO7H[DVDQG
GHPRQVWUDWHG WKDW WKHPRQLWRUHGVWHDG\-VWDWH UDWLQJVH[FHHGHG WKH6/5V IRUDURXQG
±RIWKHWLPHIRUPRVWWUDQVPLVVLRQOLQHVDQGSURYLGHG±DQG±
 PRUH FDSDFLWLHV RQ N9 DQG N9 OLQHV UHVSHFWLYHO\ WKDQ WKH DPELHQW
WHPSHUDWXUH-DGMXVWHGUDWLQJVZKLFKRQO\FRQVLGHUHGFKDQJHVRIDLUWHPSHUDWXUH>@
7KHHLJKWN92+/VRSHUDWHGE\6FRWWLVK3RZHU(QHUJ\1HWZRUNVLQ1RUWK:DOHV
ZHUHIRXQGWRKDYHWKHUHDO-WLPHUDWLQJVFDOFXODWHGIURPZHDWKHUREVHUYDWLRQVDERYH
WKH6/5VIRU±RIWKHWLPH>@ 
7KH DGGLWLRQDO KHDGURRP RI DQ 2+/¶V DPSDFLW\ H[SORLWHG E\ D '/5 V\VWHP FDQ
DVVLVW QHWZRUN RSHUDWRUV WR DFFRPPRGDWH JURZWK LQ SRZHU IORZ DQG DOOHYLDWH
WUDQVPLVVLRQ FRQJHVWLRQ 7DOSXU >@ HYDOXDWHG WKH ILQDQFLDO EHQHILW UHODWHG WR DQ
LQFUHDVHRI*:KHQHUJ\IORZSDVVLQJWKURXJKDSDUWLFXODU2+/LQDPHVKHGN9
QHWZRUN LQ ZHVWHUQ 6ZHGHQ WKDW FRXOG EH DFKLHYHG E\ WKH '/5 LPSOHPHQWDWLRQ
UHFRQGXFWRULQJ DQG QHZ OLQH FRQVWUXFWLRQV VHSDUDWHO\ FRQVLGHULQJ YDULDWLRQV LQ
V\VWHPORDGVDQGWKHFRQQHFWLRQRID0:ZLQGIDUPDSSO\LQJDSDUWLFXODU'/5
WHFKQLTXHRQWKH2+/VKRZHGDVLJQLILFDQWILQDQFLDODGYDQWDJHLQFRPSDULVRQZLWK
WKH RWKHU WZR WUDGLWLRQDO VROXWLRQV )XUWKHUPRUH LW KDV EHHQ ZLGHO\ QRWHG WKDW WKH
DSSOLFDWLRQRI'/5WHFKQLTXHVKDVSDUWLFXODUEHQHILWIRUZLQGJHQHUDWLRQGXHWRWKH
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH RXWSXW RI D ZLQG IDUP DQG WKH DPSDFLW\ RI D OLQH
FRQQHFWLQJ LW WR WKHQHWZRUN >@7KDW LV WKHKLJKZLQG VSHHGVSURGXFLQJ
KLJKRXWSXWVIURPDZLQGIDUPZLOOSURYLGHVLJQLILFDQWFRROLQJRQWKHQHDUE\2+/V
ZKLFKFDQWKHQWROHUDWHKLJKHUOHYHOVRISRZHUWUDQVIHUFDSDFLW\'/5VFDQWKHUHIRUH
EH H[SORLWHG WR DOOHYLDWH FXUWDLOPHQW RI DYDLODEOH ZLQG SRZHU RU UHGXFH RU DYRLG
UHLQIRUFHPHQW RI WKH FRQQHFWLRQ +HFNHQEHUJHURYD >@ HVWLPDWHG DYDLODEOH ZLQG
SRZHUVIRUYDULRXVDVVXPHGLQVWDOOHGFDSDFLWLHVDWDYLUWXDOZLQGIDUPORFDWHGLQRQH
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RI WKH ZLQGLHVW DUHDV LQ WKH &]HFK 5HSXEOLF ZKLFK ZHUH WKHQ FRPSDUHG ZLWK WKH
UDWLQJV'/5VRU6/5VRIDYLUWXDO2+/FRQQHFWLQJLWWRWKHPDLQJULG WKHXVHRI
'/5VLQSODFHRI6/5VOHGWRDVLJQLILFDQWUHGXFWLRQLQFXUWDLOHGZLQGJHQHUDWLRQDQG
DSSUR[LPDWHO\WULSOHGWKHRSWLPDOVL]HRIWKHZLQGIDUPLQWKLVSDUWLFXODUFDVHVWXG\
)URP WKH SHUVSHFWLYH RI ZLQG IDUP RZQHUV :DOOQHUVWU|P >@ TXDQWLILHG WKH OLIH
F\FOHFRVWVRILPSOHPHQWLQJ'/5RQDSDUWLFXODU2+/ZKLFKFRQQHFWHGDZLQGIDUP
ZLWK D GLVWULEXWLRQ QHWZRUN FRPSDUHG WR EXLOGLQJ DQ DGGLWLRQDO FRQQHFWLRQ OLQH
XQGHU GLIIHUHQW ZLQG IDUP FDSDFLWLHV VHSDUDWHO\ EDVHG RQ FDSLWDO DQG RSHUDWLRQDO
H[SHQGLWXUHV RI D ZLQG SRZHU SODQW DQG D OLQH 7KRXJK ERWK DSSURDFKHV FRXOG
VLJQLILFDQWO\UHGXFHZLQGJHQHUDWLRQFXUWDLOPHQWFRPSDUHGZLWKXVHRI6/5VRQWKH
H[LVWLQJFRQQHFWLRQOLQHDSSO\LQJ'/5ZDVHYDOXDWHGWRSURYLGHDKLJKHUSURILWWKDQ
EXLOGLQJDQH[WUDOLQH+RZHYHUWKHHVWLPDWHGSURILWLQ>@IURPDSSO\LQJ'/5GLG
QRW FRQVLGHU WKH FRVWV RI LQYHVWLQJ DQG RSHUDWLQJ D SDUWLFXODU '/5 PRQLWRULQJ
WHFKQLTXHWKLVZRXOGSURYLGHDQRSSRUWXQLW\WRHVWLPDWHWKHPD[LPXPDOORZHGFRVW
RILQWURGXFLQJ'/5EDVHGRQZKLFKDQDSSURSULDWH'/5WHFKQLTXHFRXOGEHVHOHFWHG
)RULQYHVWPHQWSODQQLQJWLPHVFDOHV'/5VFDQEHFRQVLGHUHGRYHUDUDQJHRIIXWXUH
RSHUDWLQJ FRQGLWLRQV DQG SURYLGHG WKH V\VWHP RSHUDWRU KDV VRPH UHDVRQDEOH
PHDVXUHVDYDLODEOHWRWKHPZKHQSRZHUIORZVZRXOGH[FHHGWKHUHDO-WLPHOLPLWVFDQ
RIIHU D FRVW-HIIHFWLYH PHDQV WR GHDO ZLWK SRZHU JHQHUDWLRQ DQG GHPDQG JURZWK RU
GLVWULEXWHGJHQHUDWLRQFRQQHFWLRQVWKDWUHGXFHWKHQHHGIRUQHWZRUNUHLQIRUFHPHQW 
,Q UHFHQW GHFDGHV D UDQJH RI '/5 WHFKQLTXHV >-@ KDYH EHHQ GHYHORSHG WR
HVWLPDWH RU SUHGLFW WKH OLQH¶V DFWXDO DPSDFLW\ DW D JLYHQ WLPH XQGHU SUHYDLOLQJ RU
DQWLFLSDWHG ZHDWKHU FRQGLWLRQV WKURXJK PRQLWRULQJ RU LQIHUHQFH RI WKH VWDWH RI
RYHUKHDGFRQGXFWRUV$FFRUGLQJWRPRQLWRULQJWDUJHWVWKHVH'/5WHFKQLTXHVFDQEH
FODVVLILHGDV>@ 
z WKHWHPSHUDWXUH-EDVHGWHFKQLTXHVWKDWPRQLWRUWKHFRQGXFWRUWHPSHUDWXUH 
z WKHVDJ-EDVHGWHFKQLTXHVWKDWPHDVXUHWKHVDJRIDVSDQ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z WKHWHQVLRQ-EDVHGWHFKQLTXHVWKDWPHDVXUHWKHWHQVLRQRIDOLQHVHFWLRQFRQVLVWLQJ
RIPXOWLSOHVXVSHQVLRQVSDQV 
z WKHZHDWKHU-EDVHG WHFKQLTXHV WKDW LQIHU WKHFRQGXFWRU WHPSHUDWXUHDQG WKH OLQH¶V
UDWLQJIURPZHDWKHUFRQGLWLRQVPHDVXUHGDWZHDWKHUVWDWLRQV 
$OWHUQDWLYHO\WKH'/5WHFKQLTXHVFDQEHFODVVLILHGDV>@ 
z WKH VLQJOH-VSDQ PRQLWRULQJ WHFKQLTXHV WKDW UHFRUG WKH EHKDYLRXU HJ FRQGXFWRU
WHPSHUDWXUH RU VDJ RI D VLQJOH VSDQ RU D VLQJOH SRLQW DORQJ D VSDQ ZKHUH WKH
GHYLFHLVLQVWDOOHG 
z WKH PXOWL-VSDQ PRQLWRULQJ WHFKQLTXHV WKDW PHDVXUH WKH DYHUDJH EHKDYLRXU HJ
KRUL]RQWDOWHQVLRQRIDOLQHVHFWLRQIURPZKLFKWKHEHKDYLRXURIHDFKVSDQZLWKLQ
WKHVHFWLRQLVLQIHUUHG 
7KHDYHUDJHFRQGXFWRUWHPSHUDWXUHPLG-SRLQWVDJDQGKRUL]RQWDOWHQVLRQRIDVSDQ
DUH LQWHU-FRQYHUWLEOH DV VKRZQ LQ )LJ - $VVXPLQJ WKH FRQGXFWRU WR EH IXOO\
IOH[LEOH DQG RI D XQLIRUP ZHLJKW SHU XQLW OHQJWK WKH PLG-SRLQW VDJ RI D VSDQ LV
LQYHUVHO\ SURSRUWLRQDO WR WKH KRUL]RQWDO WHQVLRQ LH WKH FRPSRQHQW RI WKH WHQVLRQ
DORQJ WKH OLQH LQ WKHKRUL]RQWDOGLUHFWLRQEDVHGRQJHRPHWULFFKDUDFWHULVWLFVRI WKH
VSDQ>@7KHPLG-SRLQWVDJRUKRUL]RQWDOWHQVLRQRIDVSDQFDQEHXVHGWRURXJKO\
FDOFXODWHWKHDYHUDJHFRQGXFWRUWHPSHUDWXUHWKURXJKDVWDWHFKDQJHHTXDWLRQ>@RU
D VWDWH FKDQJHFXUYH >@7KH VWDWH FKDQJHHTXDWLRQ UHODWHV WKH DYHUDJHFRQGXFWRU
WHPSHUDWXUH WR WKHPLG-SRLQW VDJRID VSDQE\PRGHOOLQJ WKHFRQGXFWRUHORQJDWLRQ
7KHVWDWHFKDQJHFXUYHXVHVDSRO\QRPLDOFXUYHWRGHVFULEHWKHUHODWLRQVKLSEHWZHHQ
WKH DYHUDJH FRQGXFWRU WHPSHUDWXUH DQG WKH KRUL]RQWDO WHQVLRQ RI D VSDQ %RWK WKH
VWDWHFKDQJHHTXDWLRQDQGFXUYHVKRXOGEHFDOLEUDWHGE\YDULRXVILHOGPHDVXUHPHQWV
EHIRUHXVLQJ WKHP WR LQIHU WKH DYHUDJH FRQGXFWRU WHPSHUDWXUH IURP WKH VDJWHQVLRQ
PHDVXUHPHQW7KHPRQLWRULQJRULQIHUHQFHRIVDJWHQVLRQDQGFRQGXFWRUWHPSHUDWXUH
FDQQRW EH GLUHFWO\ XVHG E\ WKH V\VWHP RSHUDWRU WR MXGJH WKH YROXPH RI DGGLWLRQDO
KHDGURRPLQSRZHUWUDQVIHUFDSDFLW\$VDUHVXOWWKHPHDVXUHGRULQIHUUHGFRQGXFWRU
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WHPSHUDWXUHVKRXOGEHXVHGZLWKZHDWKHUREVHUYDWLRQVLQSUR[LPLW\WRWKHPRQLWRUHG
FRQGXFWRUVDQGDWKHUPDOPRGHORIWKHFRQGXFWRUV>@WRHVWLPDWHRUSUHGLFW'/5V
ZKLFKFDQWKHQEHSURYLGHGIRURSHUDWRUVWRGLVSDWFKSRZHUIORZV7KLVLVJHQHUDOO\
EDVHGRQLQIHUHQFHRIDQµHIIHFWLYH¶ZLQGVSHHGSHUSHQGLFXODUWRWKHFRQGXFWRUVWKDW
SURYLGHVWKHVDPHFRROLQJHIIHFWDVWKHDFWXDOZLQGVSHHGVDQGGLUHFWLRQVZKLFKYDU\
DORQJ WKH VSDQ IURP PHDVXUHPHQWV RI WKH FRQGXFWRU WHPSHUDWXUH OLQH FXUUHQW DLU
WHPSHUDWXUHDQGVRODUUDGLDWLRQ7KHHVWLPDWHGHIIHFWLYHSHUSHQGLFXODUZLQGVSHHGLV
WKHQXVHGZLWKDPD[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUHWRFDOFXODWH'/5VEDVHG
RQWKHWKHUPDOPRGHORIWKHFRQGXFWRUV>@7KHRSHUDWLQJWKHRULHVDQGIHDWXUHVRI
GLIIHUHQW'/5WHFKQLTXHVZLOOEHGHWDLOHGDQGFRPSDUHGLQWKLVWKHVLV 
 
)LJ-,QWHU-FRQYHUVLRQDPRQJDYHUDJHFRQGXFWRUWHPSHUDWXUHVDJDQGKRUL]RQWDOWHQVLRQRIDVSDQ 
1.2. 'HVFULSWLRQRI'\QDPLF/LQH5DWLQJ5HVHDUFK 
1.2.1. 6FRWWLVK3RZHU(QHUJ\1HWZRUNV'/5SURMHFW 
3UHYLRXVZRUNRQG\QDPLFOLQHUDWLQJ'/5XQGHUWDNHQE\'XUKDP8QLYHUVLW\>
@ GHYHORSHG D ZHDWKHU-EDVHG DSSURDFK WR '/5 HVWLPDWLRQ 'XUKDP¶V DSSURDFK
XVHG VSDWLDO LQWHUSRODWLRQ PRGHOV WR LQIHU ZHDWKHU FRQGLWLRQV IRU HDFK VSDQ RI DQ
RYHUKHDG OLQH 2+/ IURP UHDO-WLPH ZHDWKHU REVHUYDWLRQV DW D OLPLWHG QXPEHU RI
ZHDWKHU VWDWLRQV WKH PLQLPXP RI '/5V DPRQJ DOO VSDQV HVWLPDWHG IURP ZHDWKHU
FRQGLWLRQVXVLQJD WKHUPDOPRGHORI WKH FRQGXFWRUVZDV WKHQDSSOLHG WR WKH ZKROH
OLQH %DVHG RQ WKH ZHDWKHU-EDVHG DSSURDFK GHYHORSHG E\ 'XUKDP 8QLYHUVLW\
6FRWWLVK3RZHU63(QHUJ\1HWZRUNVLPSOHPHQWHGDGHPRQVWUDWLRQSURMHFWRQHLJKW
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N9 RYHUKHDG FLUFXLWV & LQ 1RUWK :DOHV >@ DV VKRZQ LQ )LJ - 7KH
-PLQXWH DYHUDJH ZHDWKHU GDWD LQFOXGLQJ DLU WHPSHUDWXUH ZLQG VSHHG ZLQG
GLUHFWLRQDQGVRODUUDGLDWLRQZHUHUHFRUGHGDWQLQHZHDWKHUVWDWLRQV:6ZKLFKZHUH
VHSDUDWHO\LQVWDOOHGDWVL[N9VXEVWDWLRQV%DQGWKUHHGRXEOHFLUFXLWVWHHOWRZHUV
DORQJWKH2+/URXWH$JHRJUDSKLFDOPDSRIUHVHDUFKDUHDLVVKRZQLQ)LJ- 
 
)LJ-7KHN9QHWZRUN LQ1RUWK:DOHVZLWKXSSHUFDVH OHWWHUV%&:6DQG'*UHSUHVHQWLQJ
N9VXEVWDWLRQRYHUKHDGFLUFXLWZHDWKHUVWDWLRQDQGGLVWULEXWHGJHQHUDWLRQUHVSHFWLYHO\>@ 
 
)LJ - *HRJUDSKLF PDS VKRZLQJ WKH URXWH RI VWXGLHG RYHUKHDG OLQHV DQG ORFDWLRQV RI  ZHDWKHU
VWDWLRQVLQ1RUWK:DOHV>@ 
1.2.2. 3ULPDU\REMHFWLYHRIWKLVUHVHDUFK 
7KH SULPDU\ REMHFWLYH RI WKLV UHVHDUFK LV WR HQKDQFH WKH ZHDWKHU-EDVHG DSSURDFK
GHYHORSHG E\ 'XUKDP 8QLYHUVLW\ WR QRW RQO\ SURYLGH µUHDO-WLPH¶ UDWLQJV EXW DOVR
SUHGLFWLRQVRIUDWLQJVVRWKDWV\VWHPRSHUDWRUVKDYHWLPHWRWDNHDFWLRQWRPLWLJDWHWKH
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FRQVHTXHQFHVRIWKHOLPLWDWLRQVRISRZHUWUDQVIHURUDOWHUQDWLYHO\DQGZKHUHSRVVLEOH
WR H[SORLW DGGLWLRQDO WKHUPDO FDSDFLW\ ,Q DGGLWLRQ '/5 IRUHFDVWV ZLOO EH SURYLGHG
QRW MXVW DV D VLQJOH YDOXH IRU D VLQJOH IXWXUH PRPHQW LQ WLPH EXW LQ WKH IRUP RI
SHUFHQWLOHVGHVFULELQJ WKHSUREDELOLW\RID UDWLQJEHLQJH[FHHGHGVR WKDW WKHV\VWHP
RSHUDWRUFDQPDNHDQLQIRUPHGMXGJHPHQWDERXWULVN 
,Q RUGHU WR DFKLHYH H[SHFWHG IXQFWLRQV RI WKH HQKDQFHG ZHDWKHU-EDVHG PRGHO DQG
DFFRPSOLVK WKH SULPDU\ REMHFWLYH RI WKLV UHVHDUFK WKH IROORZLQJ VWHSV DUH WR EH
XQGHUWDNHQ 
z 5HYLHZ'/5WHFKQLTXHVWKDWDUHGHVFULEHGLQSXEOLVKHGHQJLQHHULQJOLWHUDWXUH 
z 'HYHORS VWDWLVWLFDO IRUHFDVWLQJ PRGHOV WR SURYLGH SRLQW IRUHFDVWV RI DLU
WHPSHUDWXUHZLQGVSHHGZLQGGLUHFWLRQDQGVRODUUDGLDWLRQ 
z ([WHQG WKHVWDWLVWLFDO IRUHFDVWLQJPRGHOV WR SURYLGHSUHGLFWLYHGLVWULEXWLRQVRI
ZHDWKHUYDULDEOHV 
z 'HYHORS PRUH DGYDQFHG VSDWLDO LQWHUSRODWLRQ PRGHOV WKDQ WKRVH XVHG LQ
SUHYLRXVZRUN>@WRLQIHUZHDWKHUGDWDIRUHDFKVSDQRIDQ2+/ 
z 4XDQWLI\SHUFHQWLOHVRI VWHDG\-VWDWH'/5IRUHFDVWV IRUXS WR WKUHH-PLQXWHV
WLPHVWHSVDKHDGIRUDSDUWLFXODUVSDQDQGDFRPSOHWHOLQH 
z 4XDQWLI\SHUFHQWLOHVRI WUDQVLHQW-VWDWH'/5 IRUHFDVWV IRU WLPHKRUL]RQVRI
DQGPLQXWHVRYHUDSDUWLFXODUIXWXUHKDOI-KRXUSHULRGIRUDVSDQ 
z (YDOXDWHWKHSRWHQWLDOXVHRI'/5IRUHFDVWLQJZLWKUHVSHFWWRDOOHYLDWLQJZLQG
JHQHUDWLRQ FXUWDLOPHQW DW D ZLQG IDUP WKDW KDV D FRQQHFWLRQ WR WKH N9
QHWZRUNLQ1RUWK:DOHV 
7KHPDLQFRQWULEXWLRQRIWKHWKHVLV LV WRSURSRVHDIUDPHZRUNWKDWXVHVWLPHVHULHV
IRUHFDVWLQJPRGHOVDORQJZLWKD WKHUPDOPRGHORIRYHUKHDGFRQGXFWRUV WRHVWLPDWH
SUREDELOLVWLF IRUHFDVWV RI ERWK VWHDG\-VWDWH DQG WUDQVLHQW-VWDWH '/5V IURP KLVWRULF
ZHDWKHUGDWDLQ0RQWH&DUORVLPXODWLRQZKHUHFRUUHODWLRQVEHWZHHQGLIIHUHQWZHDWKHU
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YDULDEOHVDUHFRQVLGHUHG'XULQJWKHGHYHORSPHQWRIDZHDWKHU-EDVHGDSSURDFKWRWKH
WUDQVLHQW-VWDWH'/5IRUHFDVWLQJWKHWKHVLVSURYLGHVLQVLJKWVLQWRDQHQKDQFHGYHUVLRQ
RI ,(((DQDO\WLFDOPHWKRG IRU WKH WUDQVLHQW-VWDWHFRQGXFWRU WHPSHUDWXUHFDOFXODWLRQ
DQGVRPH LVVXHV WKDW VKRXOGEHSDLGDWWHQWLRQ WR IRU WKH WUDQVLHQW UDWLQJHVWLPDWLRQ
)XUWKHUPRUH WKH WKHVLVH[DPLQHV LPSDFWVRIFRUUHODWLRQVEHWZHHQGLIIHUHQWZHDWKHU
YDULDEOHV RQ SUHGLFWLYH GLVWULEXWLRQV RI '/5V DQG HPSKDVLVHV WKH LPSRUWDQFH RI
SDLULQJUDQGRPZHDWKHUVDPSOHVLQ0RQWH&DUORVLPXODWLRQ 
1.2.3. (QKDQFHGZHDWKHU-EDVHGPRGHOVIRUSUREDELOLVWLF'/5IRUHFDVWLQJ 
,Q WKLV UHVHDUFK HQKDQFHG ZHDWKHU-EDVHG '/5 IRUHFDVWLQJ PRGHOV KDYH EHHQ
GHYHORSHG WR HVWLPDWH SUREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH '/5V IRU D SDUWLFXODU
VSDQ DQG D FRPSOHWH OLQH )XUWKHUPRUH WKURXJK DQ HQKDQFHPHQW LQ DQ DQDO\WLFDO
PHWKRG GHVFULEHG LQ ,((( 6WDQGDUG  >@ IRU WKH WUDQVLHQW-VWDWH FRQGXFWRU
WHPSHUDWXUH PRGHOOLQJ D IDVW-FRPSXWDWLRQDO DSSURDFK LV GHYHORSHG WR GHWHUPLQH
SUHGLFWLYHGLVWULEXWLRQVRIWUDQVLHQW-VWDWH'/5VIRUDSDUWLFXODUVSDQ 
1.2.3.1. 3UREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWLQJ 
$ IORZ FKDUW GHVFULELQJ KRZ DQ HQKDQFHG ZHDWKHU-EDVHG PRGHO HVWLPDWHV
SUREDELOLVWLFIRUHFDVWVRIVWHDG\-VWDWH'/5VIRUDQ2+/LVVKRZQLQ)LJ-%DVHG
RQKLVWRULF WLPHVHULHVRI-PLQXWHDYHUDJHZHDWKHUGDWDSUREDELOLVWLF IRUHFDVWLQJ
PRGHOV HVWLPDWH D SUHGLFWLYH FHQWUHV RI ZHDWKHU YDULDEOHV DV D VXP RI UHVLGXDOV
SUHGLFWHGE\DVXLWDEOHDXWR-UHJUHVVLYHSURFHVVDQGWHPSRUDOWUHQGVILWWHGE\)RXULHU
VHULHVDQGEFRQGLWLRQDOKHWHURVFHGDVWLFLW\RIWKHGLVWULEXWLRQDVDOLQHDUIXQFWLRQRI
FKDQJHV LQ UHVLGXDOVZLWKLQ WKHPRVW UHFHQWRQH KRXU IRU DLU WHPSHUDWXUH DQGZLQG
VSHHG RU FRQFHQWUDWLRQ RI UHFHQW ZLQG GLUHFWLRQ REVHUYDWLRQV RYHU WZR KRXUV $
WHFKQLTXHRIPLQLPXPFRQWLQXRXVUDQNHGSUREDELOLW\VFRUHHVWLPDWLRQLVWKHQXVHGWR
GHWHUPLQH PRGHOV¶ SDUDPHWHUV DQG SUHGLFWLYH GLVWULEXWLRQV IRU DLU WHPSHUDWXUH  ௔ܶ
ZLQG VSHHG ݓ௦ DQG ZLQG GLUHFWLRQ ݓௗ UHVSHFWLYHO\ 3RLQW IRUHFDVWV RI VRODU
UDGLDWLRQݏ௥DUHXVHGKHUHLQVWHDGRISUREDELOLVWLFIRUHFDVWVVLQFHZKHQZLQGVSHHGV
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DUHDERYHDPRGHVWOHYHO>@RUZKHQFRQGXFWRUWHPSHUDWXUHVDUHUHODWLYHO\KLJK>@
FRQGXFWRUWHPSHUDWXUHLVIRXQGWREHLQVHQVLWLYHWRWKHFKDQJHLQVRODUUDGLDWLRQ7KLV
LVEHFDXVHDQLQFUHDVHLQZLQGVSHHGRUWKHULVHRIFRQGXFWRUWHPSHUDWXUHDERYHDLU
WHPSHUDWXUH FRXOG OHDG WR WKH FRQYHFWLRQ KHDW ORVV UDWH VLJQLILFDQWO\ H[FHHGLQJ WKH
VRODUKHDWJDLQUDWH$FFRUGLQJWR>@WKHODWWHULVGHSHQGHQWRQWKHVRODULQWHQVLW\
FRQGXFWRU¶VDEVRUSWLYLW\DQGGLDPHWHUDQGQRWDIIHFWHGE\WKHFRQGXFWRUWHPSHUDWXUH
RUZLQGFRQGLWLRQV7KHSRLQWIRUHFDVWVRIVRODUUDGLDWLRQDUHFDOFXODWHGLQDVLPLODU
ZD\ WR HVWLPDWLRQV RI SUHGLFWLYH FHQWUHV ZLWK DXWR-UHJUHVVLYH SDUDPHWHUV EHLQJ
GHWHUPLQHGE\OHDVWVTXDUHVHVWLPDWLRQ 
 
)LJ-$QHQKDQFHGZHDWKHU-EDVHGPRGHOIRUSUREDELOLVWLF'/5IRUHFDVWLQJIRUDQ2+/ 
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$ ODUJH QXPEHU RI UDQGRP ZHDWKHU VDPSOHV DUH LQGHSHQGHQWO\ JHQHUDWHG IURP WKH
PRGHOOHG SUHGLFWLYH GLVWULEXWLRQV LQ D 0RQWH &DUOR SURFHGXUH DQG WKHQ SDLUHG WR
FUHDWH FRUUHODWLRQV VLPLODU WR WKRVH FRPSXWHG IURP WKHLU UHFHQW REVHUYDWLRQV 7KH
VDPSOHG YDOXHV RI ZHDWKHU IRUHFDVWV DQG SRLQW IRUHFDVWV RI VRODU UDGLDWLRQ IRU DOO
VSDQVZLWKLQDQ2+/DUHLQIHUUHGIURPWKHFRUUHODWHGUDQGRPZHDWKHUVDPSOHVDQG
VRODU UDGLDWLRQ SUHGLFWLRQV DW ZHDWKHU VWDWLRQV XVLQJ VXLWDEOH VSDWLDO LQWHUSRODWLRQ
PRGHOV $ WKHUPDO PRGHO RI RYHUKHDG FRQGXFWRUV LV WKHQ XVHG WR FDOFXODWH
VWHDG\-VWDWH '/5 IRUHFDVWV DW D SDUWLFXODU IXWXUH WLPH IRU DOO VSDQV RI WKH 2+/
DPRQJZKLFKWKHPLQLPXPYDOXHLVDSSOLHGWRWKH2+/LQHDFKJHQHUDWHGVFHQDULR
$ VDPSOH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ LV H[WUDFWHG IURP WKH VDPSOHG YDOXHV RI
'/5 IRUHFDVWV IRU WKH 2+/ DQG WKHQ VPRRWKHG E\ NHUQHO GHQVLW\ HVWLPDWLRQ WR
GHWHUPLQHWKH'/5IRUHFDVWVLQWKHIRUPRISHUFHQWLOHV7KHSRVVLEOHORFDWLRQRIWKH
FULWLFDO VSDQ IRU WKH2+/ LV SUHGLFWHG IURP WKH IUHTXHQF\RI HDFK VSDQ KDYLQJ WKH
PLQLPXP'/5IRUHFDVWDPRQJDOOVSDQVLQDOOJHQHUDWHGVFHQDULRV 
7KHSUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVIRUDSDUWLFXODUVSDQLQFORVHSUR[LPLW\
WR D ZHDWKHU VWDWLRQ FDQ EH GLUHFWO\ FDOFXODWHG IURP UDQGRP VDPSOHV RI ZHDWKHU
YDULDEOHVDQGSRLQWIRUHFDVWVRIVRODUUDGLDWLRQDWWKHVWDWLRQZLWKRXWQHHGRIVSDWLDO
LQWHUSRODWLRQPRGHOV7KHFDOLEUDWLRQRISUREDELOLVWLF'/5IRUHFDVWVFDOFXODWHGIURP
LQGHSHQGHQW RU FRUUHODWHG ZHDWKHU VDPSOHV ZLOO EH H[DPLQHG E\ WKH KLVWRJUDPV RI
SUREDELOLW\LQWHJUDOWUDQVIRUPWRGHWHUPLQHZKHWKHUWKHFRUUHODWLRQVVKRXOGEHDGGHG
LQWRWKHUDQGRPZHDWKHUVDPSOHV 
1.2.3.2. 3UREDELOLVWLFWUDQVLHQW-VWDWH'/5IRUHFDVWLQJ 
7KH PDMRULW\ RI SXEOLVKHG DSSURDFKHV WR '/5 GHDO ZLWK VWHDG\-VWDWH UDWLQJV /HVV
DWWHQWLRQKDVEHHQJLYHQWRWUDQVLHQW-VWDWH'/5FDOFXODWLRQV)RUH[DPSOHWKH\ZHUH
RPLWWHG LQ SUHYLRXV ZRUN >@ ZKHUH LW ZDV VSHFXODWHG WKRXJK QRW SURYHQ WKDW
DSSO\LQJWUDQVLHQW-VWDWH'/5VZRXOGQRWPDWHULDOO\HOHYDWHWKHSRZHUWKURXJKRXWLQ
*:KSHUDQQXPZLWKLQWKHSRZHUV\VWHP7KLVPD\EHEHFDXVHWKHWUDQVLHQWUDWLQJ
FDQEHPDLQWDLQHGZLWKLQWKHJLYHQWLPHSHULRGRQO\DIWHUZKLFKWKHSRZHUWUDQVIHU
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FDSDFLW\ZRXOGDJDLQEHOLPLWHGE\WKHVWHDG\-VWDWH'/5)XUWKHUPRUHFDOFXODWLRQV
RI WUDQVLHQW-VWDWH '/5V PD\ EH QRW QHFHVVDU\ ZKHQ VDPSOLQJ LQWHUYDOV RI ZHDWKHU
GDWDDQGORDGGDWDDUHORQJHQRXJKHJKRXUIRUDFRQGXFWRUWRIXOO\UHVSRQGWR
VWHSFKDQJHVLQYDULDEOHV0RUHRYHUWKHFRPSXWDWLRQWLPHFRVWWRHVWLPDWHWUDQVLHQW
UDWLQJVLVPXFKJUHDWHUWKDQWKDWIRUVWHDG\-VWDWHFDOFXODWLRQVVLQFHDWUDQVLHQWUDWLQJ
KDVWREHLWHUDWLYHO\DGMXVWHGXQWLO WKHFRQGXFWRUWHPSHUDWXUHUHDFKHVWKHPD[LPXP
SHUPLVVLEOHOLPLWDWWKHHQGRIDVSHFLILHGWLPHSHULRG 
$OWKRXJK DQ 2+/ FDQ EH RSHUDWHG DW WKH OHYHO RI WKH WUDQVLHQW-VWDWH '/5 IRU WKH
VSHFLILHG VKRUW WHUP RQO\ DSSO\LQJ WUDQVLHQW-VWDWH '/5V ZLOO SURYLGH KLJKHU
DGGLWLRQDO DPSDFLW\ KHDGURRP WKDQ XVLQJ VWHDG\-VWDWH UDWLQJV 7KLV FDQ IXUWKHU
PLWLJDWH WUDQVPLVVLRQ FRQJHVWLRQV DQG DOOHYLDWH ZLQG JHQHUDWLRQ FXUWDLOPHQW 0RVW
UHVHDUFK UHODWHG WR WUDQVLHQW-VWDWH '/5 FDOFXODWLRQV >-@ XVHG D FRQYHQWLRQDO
DSSURDFKWRWUDFNWUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHVRYHUDVSHFLILHGWLPHSHULRG
,WGLYLGHVWKHJLYHQWLPHSHULRGLQWRVHYHUDOVXIILFLHQWO\VPDOOWLPHLQWHUYDOVHJ
VHFRQGVRUOHVVDQGWKHQHVWLPDWHVWKHYDULDWLRQLQFRQGXFWRUWHPSHUDWXUHRYHUHDFK
WLPH LQWHUYDO ,(((6WDQGDUG 6WG >@KDVGHYHORSHG DQDQDO\WLFDO PHWKRG WR
FDOFXODWHWKHWUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHDVDQH[SRQHQWLDOIXQFWLRQRIWLPH
ZKLFKFDQ UHGXFH WKH FRPSXWDWLRQ WLPHFRPSDUHGZLWK WKHFRQYHQWLRQDO DSSURDFK
+RZHYHU WKH ,((( DQDO\WLFDO PHWKRG RQO\ FRQVLGHUV D VWHS FKDQJH LQ OLQH FXUUHQW
DQGUHTXLUHVWKHFRQGXFWRUWREHLQWKHUPDOHTXLOLEULXPEHIRUHWKHVWHSRFFXUV7KH
,((( DQDO\WLFDO PHWKRG KDV EHHQ HQKDQFHG LQ WKLV WKHVLV WKURXJK LQIHUHQFH RI DQ
HTXLYDOHQWVWHDG\-VWDWHLQLWLDOOLQHFXUUHQWIURPWKHLQLWLDOFRQGXFWRUWHPSHUDWXUHDQG
ZHDWKHU FRQGLWLRQV RYHU D JLYHQ WLPH SHULRG ,Q WKLV ZD\ WKH FRQGXFWRU¶V WKHUPDO
HTXLOLEULXPDWWKHVWDUWRIWKHJLYHQWLPHSHULRGLVFUHDWHGDQGWKHFKDQJHVRIZHDWKHU
FRQGLWLRQVDUHFRQVLGHUHG 
$ORQJZLWKXVHRIWKHHQKDQFHGDQDO\WLFDOPHWKRGWKHWUDQVLHQW-VWDWH'/5IRUHFDVW
RIDSDUWLFXODUVSDQIRUDSDUWLFXODUIXWXUHWLPHSHULRGLHLQWKLVUHVHDUFKDQG
PLQXWHVLVFDOFXODWHGIURPUDQGRPZHDWKHUVDPSOHVWKDWDUHJHQHUDWHGIURPWKH
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SUHGLFWLYHGLVWULEXWLRQVIRUXSWRWKUHH-PLQXWHVWLPHVWHSVDKHDGLQHDFKVFHQDULR
7KHFKDQJHVRIZHDWKHUIRUHFDVWVDWHDFKIXWXUHPRPHQWDUHWDNHQLQWRDFFRXQW7KH
SUREDELOLVWLF IRUHFDVWV RI WUDQVLHQW-VWDWH '/5V IRU WLPH KRUL]RQV RI   DQG 
PLQXWHVDUH WKHQGHULYHGIURPWKHLU UHVSHFWLYHVDPSOHGYDOXHVXVLQJNHUQHOGHQVLW\
HVWLPDWLRQ7KHSHUIRUPDQFHRIWKHIDVW-FRPSXWDWLRQDODSSURDFKGHYHORSHGKHUHIRU
WUDQVLHQW-VWDWH'/5IRUHFDVWLQJZLOOEHDVVHVVHGZLWKUHVSHFWWRWKHIRUHFDVWDFFXUDF\
WKHFDOLEUDWLRQRISUREDELOLVWLFIRUHFDVWVDQGWKHFRPSXWDWLRQWLPH 
1.2.3.3. $SSOLFDWLRQRI'/5IRUHFDVWLQJWRUHGXFHZLQGJHQHUDWLRQFXUWDLOPHQW 
,W LV H[SHFWHG WKDW DSSO\LQJ '/5 WHFKQLTXHV FDQ LQFUHDVH WKH XWLOLVDWLRQ RI ZLQG
HQHUJ\1RUWK:DOHVKDVFRQVLGHUDEOHUHQHZDEOHUHVRXUFHV$VVKRZQLQ)LJ-WKH
HOHFWULFLW\SURGXFHGE\D0:5K\O)ODWVRIIVKRUHZLQGIDUPGHQRWHGE\'*LV
LQMHFWHGLQWRWKHN9WUDQVPLVVLRQQHWZRUNDWDN9EXV%DQGGLVSDWFKHGWR
EXVHV%DQG%WKURXJKWZRN92+/V&DQG&7KHSRWHQWLDODSSOLFDWLRQRI
SUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVZLOOEHHYDOXDWHGKHUHWKURXJKDQHVWLPDWLRQ
RIWKHGHJUHHWRZKLFKFXUWDLOPHQWRIYDULRXVDVVXPHGZLQGIDUPFDSDFLWLHVDW5K\O
)ODWV0:DQGDVHULHVRIXSVFDOHGZLQGIDUPVFDQEHUHGXFHGWKURXJKXVLQJWKH
ORZHUSHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVLQSODFHRIWKH6/5VRIN92+/V
7KHSODQQHGSRZHURXWSXWIURP5K\O)ODWVLVPD[LPLVHGXVLQJ2SWLPDO3RZHU)ORZ
VXEMHFWWRWKHPD[LPXPDOORZDEOHZLQGJHQHUDWLRQUDPSUDWHWKHH[SHFWHGDYDLODEOH
SRZHU RXWSXW IURP 5K\O )ODWV DQG '/5 IRUHFDVWV IRU XS WR WKUHH -PLQXWHV WLPH
VWHSV DKHDG 7KH XVH RI WKH PD[LPXP DOORZDEOH UDPS UDWH HQVXUHV WKDW WKH SRZHU
RXWSXWIURP5K\O)ODWVFDQGHFUHDVHWRWKHSODQQHGRXWSXWHVWLPDWHGIRUWKHQH[WWLPH
VWHSLQD-PLQXWHSHULRG 
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1.3. 7KHVLV6WUXFWXUH 
7KHWKHVLVLVRUJDQLVHGLQWKHIROORZLQJZD\ 
&KDSWHU  GHVFULEHV VRPH XVHIXO NQRZOHGJH DVVRFLDWHG ZLWK WKH JHRPHWULF
FKDUDFWHULVWLFV WKH VWDWH FKDQJH HTXDWLRQ DQG D WKHUPDO PRGHO RI RYHUKHDG
FRQGXFWRUVDQGWKHFRQFHSWRIUXOLQJVSDQDQGDOVRUHYLHZVWKHRSHUDWLQJWKHRULHVDQG
IHDWXUHV RI GLIIHUHQW '/5 WHFKQLTXHV WKDW KDYH EHHQ GHVFULEHG LQ SXEOLVKHG
HQJLQHHULQJOLWHUDWXUH 
&KDSWHU  GHYHORSVGLIIHUHQW WLPH VHULHV IRUHFDVWLQJPRGHOV WR HVWLPDWH SUHGLFWLYH
GLVWULEXWLRQVRIDLUWHPSHUDWXUHZLQGVSHHGDQGZLQGGLUHFWLRQDQGSRLQWIRUHFDVWVRI
VRODU UDGLDWLRQ WKH PRGHOV XVLQJ OHVV FRPSXWDWLRQ WLPH DQG SURYLGLQJ WKH EHVW
SHUIRUPDQFHZLWKUHVSHFWWRWKHURRWPHDQVTXDUHHUURU506(IRUSRLQWIRUHFDVWLQJ
DQGWKHFRQWLQXRXVUDQNHGSUREDELOLW\VFRUHIRUSUREDELOLVWLFIRUHFDVWLQJDUHDGRSWHG 
&KDSWHUGHVFULEHVDUDQNFRUUHODWLRQEDVHGSDLULQJPHWKRGWRSDLUWKHLQGHSHQGHQW
UDQGRPVDPSOHVRIGLIIHUHQWZHDWKHUYDULDEOHVWRFUHDWHFRUUHODWLRQVVLPLODUWRWKRVH
DPRQJ WKHLU UHFHQWREVHUYDWLRQV WKHQ WKHVSDWLDO LQWHUSRODWLRQPRGHOVGHYHORSHG LQ
'XUKDP¶V ZRUN >@ DUH LPSURYHG E\ FRPSDULQJ GLIIHUHQW FRPELQDWLRQV RI WKH
VSDWLDO WUHQG PRGHOOLQJ DQG DQ LQYHUVH GLVWDQFH ZHLJKWLQJ RU NULJLQJ LQWHUSRODWLRQ
PRGHO 
&KDSWHUGHYHORSVGLIIHUHQWDSSURDFKHVWRSUREDELOLVWLFIRUHFDVWLQJRIVWHDG\-VWDWH
'/5V IRU D SDUWLFXODU VSDQ DQG D FRPSOHWH 2+/ DQG DVVHVVHV WKHLU SHUIRUPDQFHV
ZLWKUHVSHFWWRWKH506(RISRLQWIRUHFDVWVWKHFDOLEUDWLRQRISUREDELOLVWLFIRUHFDVWV
DQG WKH HIIHFWLYHQHVV RI XVLQJ D FHUWDLQ SHUFHQWLOH HJ WKH WK SHUFHQWLOH IURP D
SUREDELOLVWLF'/5IRUHFDVWWKHSRVVLEOHORFDWLRQRIFULWLFDOVSDQDWDSDUWLFXODUIXWXUH
WLPHLVDOVRSUHGLFWHGIRUHDFK2+/ 
&KDSWHUHQKDQFHVWKHDQDO\WLFDOPHWKRGSURSRVHGLQ,(((6WG>@WRPRGHO
WUDQVLHQW-VWDWHFRQGXFWRU WHPSHUDWXUHVDQGFRPSDUHV LWVDFFXUDF\ZLWKFRQYHQWLRQDO
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DSSURDFKHV SUREDELOLVWLF WUDQVLHQW-VWDWH '/5 IRUHFDVWV RI D SDUWLFXODU VSDQ IRU D
SDUWLFXODU IXWXUH KDOI-KRXU SHULRG DUH WKHQ HVWLPDWHG IURP WKH LQLWLDO FRQGXFWRU
WHPSHUDWXUH FRPELQHG ZLWK UDQGRP VDPSOHG YDOXHV RI ZHDWKHU IRUHFDVWV IRU XS WR
WKUHH-PLQXWHVWLPHVWHSVDKHDGEDVHGRQWKHHQKDQFHGDQDO\WLFDOPHWKRG 
&KDSWHULQYHVWLJDWHVWKHSRWHQWLDODSSOLFDWLRQRISUREDELOLVWLF'/5IRUHFDVWLQJRQ
ZLQG SRZHU LQWHJUDWLRQ E\ TXDQWLI\LQJ WKH UHGXFHG ZLQG JHQHUDWLRQ FXUWDLOPHQW DW
5K\O)ODWZLQGIDUPWKDWLVFRQQHFWHGWRWKHN9QHWZRUNLQ1RUWK:DOHVWKURXJK
UHSODFLQJWKH6/5VE\WKHORZHUSHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVIRUN9
2+/VWKHULVNRIRYHUORDGLQJRQHDFKN92+/GXHWRXVHRI'/5SHUFHQWLOHVLV
DOVRDQDO\VHG 
&KDSWHU  VXPPDULVHV ILQGLQJV IURP WKH SUHVHQW ZRUN EXLOGLQJ RQ ZKLFK IXWXUH
UHVHDUFKLVVXJJHVWHG 
1.4. 3XEOLFDWLRQV 
7KHDXWKRUKDVSXEOLVKHGWKHIROORZLQJSDSHUVGXULQJWKHFRXUVHRI3K' 
))DQ.%HOO'+LOODQG',QILHOG³:LQGIRUHFDVWLQJXVLQJNULJLQJDQGYHFWRU
DXWR-UHJUHVVLYH PRGHOV IRU G\QDPLF OLQH UDWLQJ VWXGLHV´ ,((( 3RZHU7HFK
&RQIHUHQFHSS--XO 
))DQ.%HOO DQG' ,QILHOG ³3UREDELOLVWLFZHDWKHU IRUHFDVWLQJ IRUG\QDPLF OLQH
UDWLQJVWXGLHV´3RZHU6\VWHPV&RPSXWDWLRQ&RQIHUHQFHSS--XQ 
))DQ.%HOODQG',QILHOG³3UREDELOLVWLFUHDO-WLPHWKHUPDOUDWLQJIRUHFDVWLQJIRU
RYHUKHDG OLQHV E\ FRQGLWLRQDOO\ KHWHURVFHGDVWLF DXWRUHJUHVVLYH PRGHOV´ ,(((
7UDQVDFWLRQVRQ3RZHU'HOLYHU\YROQRSS-$XJ 
15 
 
2. 5(9,(:2)'<1$0,&/,1(5$7,1*
7(&+1,48(6 
$ UDQJH RI G\QDPLF OLQH UDWLQJ '/5 WHFKQLTXHV KDYH EHHQ GHYHORSHG LQ UHFHQW
GHFDGHV WR PHDVXUH RU LQIHU WKH WKHUPDO DQG PHFKDQLFDO EHKDYLRXU RI RYHUKHDG
FRQGXFWRUV PRVW RI ZKLFK KDYH EHHQ IXUWKHU XSJUDGHG WR VLPXOWDQHRXVO\ PRQLWRU
PRUH WKDQ D VLQJOH WDUJHW &RPSDQLHV RZQLQJ LQWHOOHFWXDO SURSHUWLHV RI WKH
PRQLWRULQJGHYLFHVKDYHDGGLWLRQDOO\GHYHORSHGWKHVSHFLILFPDWKHPDWLFDOSURJUDPV
WRFDOFXODWHWKHUHDO-WLPHUDWLQJVRUUDWLQJV¶IRUHFDVWVIRUGLIIHUHQWWLPHVFDOHVEDVHG
RQ ZKDW WKH GHYLFHV KDYH PHDVXUHG ,Q WKLV FKDSWHU VRPH XVHIXO NQRZOHGJH LV
LQWURGXFHG DVVRFLDWHG ZLWK WKH JHRPHWULF FKDUDFWHULVWLFV WKH VWDWH FKDQJH HTXDWLRQ
DQGD WKHUPDOPRGHORIRYHUKHDGFRQGXFWRUVDQG WKHFRQFHSWRIUXOLQJVSDQ7KHQ
WKH RSHUDWLQJ WKHRULHV DQG IHDWXUHV RI GLIIHUHQW '/5 WHFKQLTXHV WKDW KDYH EHHQ
GHVFULEHG LQ SXEOLVKHG HQJLQHHULQJ OLWHUDWXUH DUH H[SODLQHG DQG VXPPDULVHG 7KHVH
IDOO LQWR IRXU PDLQ IDPLOLHV EDVHG RQ PHDVXUHPHQW RI FRQGXFWRU WHPSHUDWXUH
PHDVXUHPHQW RI VDJ PHDVXUHPHQW RI FRQGXFWRU WHQVLRQ DQG PHDVXUHPHQWV RI
ZHDWKHUREVHUYDWLRQV 
2.1. &KDUDFWHULVWLFVRI2YHUKHDG&RQGXFWRUV 
2.1.1. *HRPHWULFFKDUDFWHULVWLFVRIRYHUKHDGFRQGXFWRUV 
7KHJHRPHWULFFKDUDFWHULVWLFVRIRYHUKHDGFRQGXFWRUVOLQNWKHVDJRIDVSDQDQGLWV
KRUL]RQWDOWHQVLRQ6LQFHDQRYHUKHDGOLQH2+/RIWHQZRUNVLQUXJJHGWHUUDLQWZR
DWWDFKPHQWSRLQWVRIDVSDQDORQJWKHOLQHDUHQRWDOZD\VSODFHGRQWKHVDPHYHUWLFDO
OHYHO$VSDQZLWKERWKDWWDFKPHQWSRLQWVDWWKHVDPHYHUWLFDOOHYHOLVFDOOHGDOHYHO
VSDQDVVKRZQLQ)LJ-2WKHUZLVHLWLVFDOOHGDQLQFOLQHGVSDQDVVKRZQLQ)LJ
->@7KHV\PEROVLQ)LJV-DQG-DUHH[SODLQHGLQ7DEOH- 
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)LJ-$OHYHOVSDQ>@ 
 
)LJ-$QLQFOLQHGVSDQ>@ 
7DEOH-6\PEROVDQGXQLWVRITXDQWLWLHVIRUDVSDQ 
^ǇŵďŽů 4XDQWLW\ 8QLW ܵ௖ +RUL]RQWDOVSDQOHQJWK ݉ ܵ௖ᇱ 6SDQOHQJWK ݉ ܦ௠ 0LGSRLQWVDJ ݉ ܦ௅  ?ܦோ  9HUWLFDOGLVWDQFHIURPWKHORZHVWSRLQWWRWKHOHIWRUULJKWDWWDFKPHQWSRLQW ݉ ܮ௖  /LQHOHQJWK ݉ ܪ +RUL]RQWDOWHQVLRQ ܰ ݓ :HLJKWRIFRQGXFWRUSHUXQLWOHQJWK ܰ ݉ ?  ݔ௖ +RUL]RQWDOGLVWDQFHIURPWKHOHIWDWWDFKPHQWSRLQW ݉ ݕ௖ሺݔ௖ሻ 9HUWLFDOGLVWDQFHIURPWKHFRQGXFWRUDW ݔ௖ WRWKHOHIWDWWDFKPHQWSRLQW ݉ ܺ௅ ?ܺோ +RUL]RQWDOGLVWDQFHIURPWKHORZHVWSRLQWWRWKHOHIWRUULJKWDWWDFKPHQWSRLQW ݉ ݄௖ 9HUWLFDOGLVWDQFHEHWZHHQWZRDWWDFKPHQWSRLQWV ݉ 
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7KH VKDSH RI D VSDQ LV JHQHUDOO\ GHSHQGHQW RQ WKH OLQH¶V PDWHULDOV VXSSRUWLQJ
FRQVWUXFWLRQVFRQGXFWRUWHPSHUDWXUHVDGGLWLRQDOIRUFHVHJLFHDQGZLQGORDGLQJ
HWF,WFDQEHGHVFULEHGE\DQH[DFWFDWHQDU\HTXDWLRQLQWHUPVRIKRUL]RQWDOWHQVLRQܪ LH WKHFRPSRQHQWRI WKH WHQVLRQDORQJ WKH OLQH LQ WKHKRUL]RQWDOGLUHFWLRQDQG
ZHLJKWSHUXQLWOHQJWKRIRYHUKHDGFRQGXFWRUV ݓIURPZKLFKWKHPLGSRLQWVDJRID
OHYHOVSDQ ܦ௠ LVDSSUR[LPDWHO\GHWHUPLQHGDV ܦ௠ ൌ ܪݓ ൤ ൬ݓܵ௖ ?ܪ൰ െ  ?൨ ؆ݓܵ௖ଶ ?ܪ - 
7KHH[SUHVVLRQRQWKHULJKW-KDQGVLGHRIHTXDWLRQ-LVDQDSSUR[LPDWHSDUDEROLF
IRUPXODEDVHGRQ WKH ILUVW WHUPRI WKH 0DFODXULQ H[SDQVLRQRI D K\SHUEROLF FRVLQH
ZKLFK LV YDOLG LI ݓଶܵ௖ଶ  ? ?ܪଶ ? ا  ? >@ $QRWKHU PHDQV WR GHULYH WKH SDUDEROLF
IRUPXODLVOLVWHGLQ$SSHQGL[$EDVHGRQWKHDVVXPSWLRQRIWKHOHQJWKRIDOLQHEHLQJ
DSSUR[LPDWHO\HTXDOWRLWVVSDQOHQJWKLH ܮ௖ ؆ ܵ௖7KHOHQJWKRIWKHOLQHEHWZHHQ
WZRDWWDFKPHQWSRLQWVRIDOHYHOVSDQLVWKHQGHWHUPLQHGDV>@ ܮ௖ ൌ ൬ ?ܪݓ ൰  ?  ൬ݓܵ௖ ?ܪ൰ ؆ ܵ௖ ൅  ?ܦ௠ଶ ? ௖ܵ  - 
7KHGLIIHUHQFHLQOHQJWKEHWZHHQVSDQDQGOLQHDSSUR[LPDWHO\HTXDOWR ሺ ?ܦ௠ଶ  ? ௖ܵ ? ሻ
LVWHUPHGWKH³VODFN´>@7KHPLGSRLQWVDJ ܦ௠ DQGWKHKRUL]RQWDOWHQVLRQ ܪ FDQ
WKHUHIRUH EH GHULYHG IURP WKH ³VODFN´ E\ HTXDWLRQV - DQG - ZKLFK LQGLFDWH
WKDWDYHU\VPDOOYDULDWLRQRIOLQHOHQJWKZLOOUHVXOWLQDODUJHFKDQJHLQWKHPLGSRLQW
VDJRID VSDQ)RUH[DPSOH IRUDSDUWLFXODU OHYHO VSDQRI VSDQ OHQJWK ܵ௖ ൌ  ? ? ?݉ 
WKHVDJ ܦ௠ ZLOOLQFUHDVHIURP  ?Ǥ ? ݉ WR  ? ?Ǥ ? ݉ ZKHQWKHOLQHOHQJWKRQO\LQFUHDVHV
IURP  ? ? ?݉  WR  ? ? ?Ǥ ? ݉ DFFRUGLQJWRHTXDWLRQ- 
ܦ௠ ؆ ඨ ?  ?௖ܵ  ?ሺܮ௖ െ ܵ௖ሻ ?  - ܪ ؆ ݓ  ? ௖ܵ ? ඨ ܵ௖ ?ሺܮ௖ െ ܵ௖ሻ - 
18 
 
$QLQFOLQHGVSDQFDQEHFRQVLGHUHGWRFRQVLVWRIKDOIVHFWLRQVRIWZROHYHOVSDQVZLWK
GLIIHUHQWVDJVLHRQHIURPWKHORZHVWSRLQWWRWKHOHIWZLWKWKHVDJ ܦ௅ DQGWKHRWKHU
IURP WKH ORZHVW SRLQW WR WKH ULJKW ZLWK WKH VDJ ܦோ  )LJ - 7KH KRUL]RQWDO
GLVWDQFHV ܺ௅ DQG ܺோ IURP WKH ORZHVWSRLQW WR WKH OHIW DQG ULJKWDWWDFKPHQWSRLQWV
DUHGHILQHGUHVSHFWLYHO\DV ܺ௅ ൌ ܵ௖ ? ൬ ? ൅ ݄௖ ?ܦ௠൰ - ܺோ ൌ ܵ௖ ? ൬ ? െ ݄௖ ?ܦ௠൰ - 
ZKHUH WKHPLGSRLQWVDJ IRUDQ LQFOLQHGVSDQ ܦ௠ LVDSSUR[LPDWHO\HTXDO WR WKHVDJ
IRU D OHYHO VSDQ ZLWK DQ LGHQWLFDO KRUL]RQWDO VSDQ OHQJWK ܵ௖ >@ 3OHDVH UHIHU WR
$SSHQGL[%ZKHUHGHULYDWLRQVRIHTXDWLRQV-DQG-DUHOLVWHG 
2.1.2. 6WDWHFKDQJHHTXDWLRQRIRYHUKHDGFRQGXFWRUV 
$V ZDV QRWHG LQ HTXDWLRQ - VPDOO FRQGXFWRU HORQJDWLRQV PD\ OHDG WR D ODUJH
LQFUHDVHLQWKHVDJRIDVSDQ7KHFRQGXFWRUWHPSHUDWXUHLVDPDMRUIDFWRUWKDWDIIHFWV
WKHFRQGXFWRUOHQJWK7KHJURZWKLQFRQGXFWRUWHPSHUDWXUHGXHWRDQLQFUHDVLQJOLQH
FXUUHQWRUDUHGXFHGZLQGFRROLQJHIIHFWZLOOHORQJDWHFRQGXFWRUVDQGWKXVWKHVSDQ
ZLOOVDJPRUH 
7KHWRWDOOHQJWKRIWKHFRQGXFWRULVWKHVXPRIWKHRULJLQDOOHQJWKDQGHODVWLFWKHUPDO
DQGSODVWLFHORQJDWLRQVGXHWRFKDQJHVRIFRQGXFWRU¶VWHQVLRQWHPSHUDWXUHDQGWLPH
>@7KUHHPRGHOVFDOFXODWLQJWKHHORQJDWLRQRIFRQGXFWRUVKDYHEHHQGHVFULEHGLQ
>@7KHOLQHDUHODVWLF/(PRGHODQGWKHVLPSOLILHGSODVWLFHORQJDWLRQ63(PRGHO
WKHRUHWLFDOO\HVWLPDWHVHODVWLFDQG WKHUPDOHORQJDWLRQVEDVHGRQDQDVVXPSWLRQ WKDW
WKH FRQGXFWRU HORQJDWLRQ GXH WR WKH PRGHVW FKDQJHV LQ WHQVLRQ HODVWLF HORQJDWLRQ
DQGFRQGXFWRUWHPSHUDWXUHWKHUPDOHORQJDWLRQLVOLQHDUDQGUHYHUVLEOH7KHSODVWLF
HORQJDWLRQRIFRQGXFWRUVLVFRPSOHWHO\QHJOHFWHGLQWKH/(PRGHO,QWKH63(PRGHO
D W\SLFDO YDOXH EDVHG RQ HQJLQHHULQJ MXGJHPHQW DQG H[SHULHQFH LV DVVLJQHG WR WKH
SODVWLF HORQJDWLRQ RI FRQGXFWRUV 7KH H[SHULPHQWDO SODVWLF HORQJDWLRQ (3( PRGHO
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WKHRUHWLFDOO\FDOFXODWHVHODVWLFDQGWKHUPDOHORQJDWLRQDVDOLQHDUIXQFWLRQRIFKDQJHV
LQ WHQVLRQ DQG WHPSHUDWXUH DQG HVWLPDWHV WKH SODVWLF HORQJDWLRQ DV D IXQFWLRQ RI
WHQVLRQDQGWLPHEDVHGRQODERUDWRU\WHVWV>@ 
$VWDWHFKDQJHHTXDWLRQZDVXVHGLQ>@WRUHODWHWKHFRQGXFWRUWHPSHUDWXUH ௖ܶ WR
WKH PLG-SRLQW VDJ RI D VSDQ ܦ௠ WKURXJK PRGHOOLQJ WKH FRQGXFWRU HORQJDWLRQ DV D
FRPELQDWLRQ RI WKH OLQHDU HODVWLF HORQJDWLRQ GXH WR WHQVLRQ DQG WKH OLQHDU WKHUPDO
HORQJDWLRQGXHWRWKHFKDQJHRI ௖ܶDVZHOODVWKHSODVWLFVWUDLQWKDWPD\EHLQFOXGHG
LQDFRQVWDQW ܥ௦௘ >@  ?ܦ௠ଶ ? ௖ܵଶ െ ݓܵ௖ଶ ?ܦ݉ܧ௖ܣ௖ െ ܽ௖  ? ௖ܶ ൌ ܥ௦௘  - 
ZKHUH WHUPV ܧ௖  ܽ௖  DQG ܣ௖  UHSUHVHQW <RXQJ¶V PRGXOXV WKHUPDO H[SDQVLRQ
FRHIILFLHQW DQG FURVV-VHFWLRQDO DUHD RI WKH FRQGXFWRU UHVSHFWLYHO\ 7KH FRHIILFLHQWV
DQG FRQVWDQWV UHSUHVHQWLQJ SK\VLFDO SURSHUWLHV RI FRQGXFWRUV VKRXOG EH FDOLEUDWHG
XVLQJ WKH ILHOG PHDVXUHPHQWV LQ SUDFWLFDO DSSOLFDWLRQ >@ 7KH FDOLEUDWHG VWDWH
FKDQJHHTXDWLRQFDQWKHQEHXVHGWRHVWLPDWH ௖ܶ IURPWKHPHDVXUHGRULQIHUUHG ܦ௠ 
2.1.3. 5XOLQJVSDQVRIOLQHVHFWLRQV 
$OLQHVHFWLRQRIDQRYHUKHDGFLUFXLWLVWHUPLQDWHGDWHDFKHQGE\DVWUDLQVWUXFWXUH
HJDQDQJOHVWUXFWXUHRUDGHDG-HQGVWUXFWXUHDVVKRZQLQ)LJ-DQGFRPSULVHGRI
PXOWLSOHVXVSHQVLRQVSDQVZKLFKDUHVXSSRUWHGE\VXVSHQVLRQVWUXFWXUHVDVVKRZQLQ
)LJ->@7KHIRUFHVFDXVHGE\DUHODWLYHO\ODUJHFKDQJHLQWKHOLQH¶VRULHQWDWLRQ
DUHUHVLVWHGE\DQDQJOHVWUXFWXUH$GHDG-HQGVWUXFWXUHLVJHQHUDOO\XVHGWRZLWKVWDQG
IXOO XQEDODQFHG WHQVLRQ GXH WR WKH RYHUKHDG FRQGXFWRUV WXUQLQJ DW D ZLGH DQJOH RU
LQWRDQHQG>@ 
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  
    )LJ-6WUDLQDQJOHVWUXFWXUH>@              )LJ-6XVSHQVLRQ6WUXFWXUH>@ 
0XOWLSOH VXVSHQVLRQ VSDQV ZLWKLQ D OLQH VHFWLRQ EHWZHHQ WZR VWUDLQ VWUXFWXUHV
JHQHUDOO\YDU\ LQ OHQJWK DQGH[SHULHQFHGLIIHUHQW VDJ DQG WHQVLRQ FKDQJHVZLWK WKH
YDULDWLRQV RI DGGLWLRQDO IRUFHV DQG FRQGXFWRU WHPSHUDWXUHV >@ 7KH XQEDODQFHG
WHQVLRQEHWZHHQVXVSHQVLRQVSDQVLVXVXDOO\HTXDOLVHGE\WKHYHU\VPDOOPRYHPHQW
RI VXVSHQVLRQ LQVXODWRUV ZKLFK DUH QRW IL[HG DQG IUHH WR PRYH 7KH VXVSHQVLRQ
LQVXODWRUFDQVZLQJORQJLWXGLQDOO\LQHLWKHUGLUHFWLRQDORQJWKHOLQHWRDOORZWKDWWKH
KRUL]RQWDO WHQVLRQV DORQJ VXVSHQVLRQ VSDQV ZLWKLQ D OLQH VHFWLRQ DUH DSSUR[LPDWHO\
XQLIRUP7KHWHQVLRQHTXDOLVDWLRQLVDEOHWRUHGXFHWKHWHQVLRQVRIVXVSHQVLRQVSDQV
ZLWKKHDY\ LFH DQGZLQG ORDGLQJVDQGDOVR WR UHGXFH WKHVDJVRIKRWWHU VXVSHQVLRQ
VSDQV>@+RZHYHULWPD\EHKDUGWRDFKLHYHWKHWHQVLRQHTXDOLVDWLRQLQVXVSHQVLRQ
VSDQVZKLFKDUHLQFOLQHGVKDUSO\RURIORZFRQGXFWRUWHQVLRQV>@ 
7KHWHQVLRQHTXDOLVDWLRQIRUUHDVRQDEO\OHYHOVXVSHQVLRQVSDQVZLWKLQDOLQHVHFWLRQ
FUHDWHVWKHFRQFHSWRIDVLQJOH³UXOLQJRUHTXLYDOHQW´VSDQEDVHGRQWKHDVVXPSWLRQ
WKDW WKH YDULDWLRQ LQ WHQVLRQ LQ UHVSRQVH WR WKH FKDQJHV RI LFH DQG ZLQG ORDGLQJ
FRQGXFWRU WHPSHUDWXUH DQG WLPH IRU WKH UXOLQJ VSDQ HVVHQWLDOO\ DSSOLHV WR DOO
VXVSHQVLRQVSDQV>@7KHOHQJWKRIUXOLQJVSDQ ܵோௌ IRUDOLQHVHFWLRQFRQVLVWLQJRI݊ሺݏሻ VXVSHQVLRQVSDQVLVGHILQHGDV 
21 
 
ܵோௌ ൌ ඨܵ௖ǡଵଷ ൅ ܵ௖ǡଶଷ ൅ ڮ ൅ ܵ௖ǡ௡ሺ௦ሻଷܵ௖ǡଵ ൅ ܵ௖ǡଶ ൅ ڮ ൅ ܵ௖ǡ௡ሺ௦ሻ - 
ZKHUH ܵ௖ǡ௜ UHSUHVHQWVWKHVSDQOHQJWKRIWKH ݅௧௛ VSDQ ݅ ൌ  ?ǡ ǥ ǡ ሺ݊ݏሻ(TXDWLRQ-
VKRZV WKDW WKH UXOLQJ VSDQ OHQJWK LV ODUJHO\ GHSHQGHQW RQ WKH VSDQ OHQJWK RI WKH
ORQJHVWVXVSHQVLRQVSDQ%DVHGRQ WKHDVVXPSWLRQRIQHDUO\ LGHQWLFDO WHQVLRQRIDOO
VXVSHQVLRQ VSDQV ZLWKLQ D OLQH VHFWLRQ WKH PLGSRLQW VDJ RI HDFK VXVSHQVLRQ VSDQܦ௠ǡ௜ǡ ݅ ൌ  ?ǡ ǥ ǡ ݊ FDQEHGHULYHGIURPWKHHVWLPDWHGVDJ ܦ௠ǡோௌ RIWKHUXOLQJVSDQ 
ܦ௠ǡ௜ ൌ ܦ௠ǡோௌ  ? ൬ܵ௖ǡ௜ܵோௌ൰ଶ - 
2.1.4. 7KHUPDOPRGHORIRYHUKHDGFRQGXFWRUV 
%RWK &,*5( 7HFKQLFDO %URFKXUH 7%  >@ DQG ,((( 6WDQGDUG 6WG  >@
SUHVHQW VWHDG\-VWDWH DQG WUDQVLHQW-VWDWH FDOFXODWLRQV IRU FRQGXFWRU WHPSHUDWXUHV DQG
G\QDPLFOLQHUDWLQJV'/5VEDVHGRQWKHKHDWH[FKDQJHPHFKDQLVPVRIFRQGXFWRUV
7KH WHPSHUDWXUHVRI D FRQGXFWRURI /$+DZN W\SHXVHG LQ DN9RYHUKHDG
OLQH HVWLPDWHG E\ &,*5( 7%  DQG ,((( 6WG  ZHUH FRPSDUHG ZLWK WKH
PHDVXUHGYDOXHVUHVSHFWLYHO\LQ>@ZKHUHLWZDVIRXQGWKDW 
1) WKH GLIIHUHQFHV RI PRUH WKDQ Ԩ EHWZHHQ ZHDWKHU-EDVHG HVWLPDWHV DQG
PHDVXUHPHQWV ZHUH IRXQG LQ DURXQG  ? ? ? RI FDVHV IRU VWHDG\ VWDWH DQG
DURXQG  ? ? ? RI FDVHV IRU WUDQVLHQW VWDWH ZKHQ WKHRUHWLFDO YDOXHV RI VRODU
UDGLDWLRQZHUHXVHG 
2) WKH RFFXUUHQFH RI VXFK WHPSHUDWXUH GLIIHUHQFH ZDV UHGXFHG WR MXVW  ? ? RI
FDVHVIRUWUDQVLHQWVWDWHZKHQVRODUUDGLDWLRQREVHUYDWLRQVZHUHXVHGLQVWHDG
RIWKHRUHWLFDOYDOXHV 
3) WKH VOLJKW GHYLDWLRQ EHWZHHQ FRQGXFWRU WHPSHUDWXUHV HVWLPDWHG E\ &,*5(
7%  DQG ,((( 6WG  ZDV PDLQO\ GXH WR WKHLU GLIIHUHQW PHDQV WR
HVWLPDWHWKHFRQYHFWLRQKHDWORVVUDWHDQGVRODUKHDWJDLQUDWH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4) WKH FDOFXODWHG FRQGXFWRU WHPSHUDWXUHV ZHUH PXFK FORVHU WR WKHLU DFWXDO
YDOXHV ZKHQ ZLQG VSHHGV ZHUH DW KLJKHU OHYHOV DQG DSSUR[LPDWHO\
SHUSHQGLFXODU WR WKH FRQGXFWRU >@ ,Q RWKHU ZRUGV LW LV GLIILFXOW WR
DFFXUDWHO\HVWLPDWH WKHFRQYHFWLRQKHDW ORVV UDWHDW ORZZLQGVSHHGVEDVHG
RQ WKH UHOHYDQW IRUPXODHGHVFULEHG LQ >@DQG >@$OWKRXJK WKHXVHRI WKH
KLJKHU YDOXH RI WKH QDWXUDO DQG IRUFHG FRQYHFWLRQ KHDW ORVV UDWHV DV ZDV
UHFRPPHQGHGLQ>@DQG>@SURGXFHVDFRQVHUYDWLYHUDWLQJHVWLPDWHDWORZ
ZLQGVSHHGWKLVZLOOLQFUHDVHWKHHUURUVRIFRQGXFWRUWHPSHUDWXUHHVWLPDWHV 
7KH WKHUPDO PRGHO RI RYHUKHDG FRQGXFWRUV IRU FDOFXODWLQJ WKH VWHDG\-VWDWH '/5V
SUHVHQWHGLQ,(((6WG>@LVLQWURGXFHGLQWKLVVHFWLRQ 
2.1.4.1. 6WHDG\-VWDWHKHDWEDODQFHRIRYHUKHDGFRQGXFWRUV>@ 
7KHWKHUPDOEDODQFHRIDQRYHUKHDGFRQGXFWRULVNHSWZLWKKHDWJHQHUDWHGE\-RXOH
KHDWLQJ ܫଶ  ? ሺܴ ௖ܶሻ  DQG VRODU KHDWLQJ ܳ௦  DQG KHDW ORVW E\ FRQYHFWLRQ ܳ௖  DQG
UDGLDWLRQ ܳ௥ IURPWKHFRQGXFWRUVXUIDFH ܫଶ  ? ሺܴ ௖ܶሻ ൅ ܳ௦ ൌ ܳ௖ ൅ ܳ௥ - 
ZKHUH ܴሺ ௖ܶሻ LVWKHDFUHVLVWDQFHRIWKHFRQGXFWRUHYDOXDWHGDWDSDUWLFXODUFRQGXFWRU
WHPSHUDWXUH ௖ܶZKLFKFDQEHDSSUR[LPDWHO\FDOFXODWHGE\OLQHDULQWHUSRODWLRQEDVHG
RQWKHNQRZQYDOXHVRIDFUHVLVWDQFHV ܴ൫ ௖ܶ௛௜௚௛൯ DQG ܴሺ ௖ܶ௟௢௪ሻDWJLYHQKLJKDQG
ORZFRQGXFWRUWHPSHUDWXUHV ௖ܶ௛௜௚௛ DQG ௖ܶ௟௢௪ 
ܴሺ ௖ܶሻ ൌ ቈܴ൫ ௖ܶ௛௜௚௛൯ െ ܴሺ ௖ܶ௟௢௪ሻ௖ܶ௛௜௚௛ െ ௖ܶ௟௢௪ ቉ ሺ ௖ܶ െ ௖ܶ௟௢௪ሻ ൅ ܴሺ ௖ܶ௟௢௪ሻ - 
7KHVWHDG\-VWDWHRUFRQWLQXRXV'/5 ܫ௦௦ OHDGLQJWRDPD[LPXPDOORZDEOHFRQGXFWRU
WHPSHUDWXUH ௖ܶ௠௔௫ IRU VSHFLILHG ZHDWKHU FRQGLWLRQV XQGHU WKH DVVXPSWLRQ RI WKH
FRQGXFWRUEHLQJLQWKHUPDOHTXLOLEULXPLVWKHQGHILQHGDV 
ܫ௦௦ ൌ ඨܳ௖ ൅ ܳ௥ െ ܳ௦ܴሺ ௖ܶ௠௔௫ሻ  -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2.1.4.2. &RQYHFWLRQKHDWORVVUDWH 
%DVHG RQ ZLQG WXQQHO PHDVXUHPHQWV UHSRUWHG E\ 0F$GDPV DQG KLV UHFRPPHQGHG
FRROLQJFXUYHVIRUFRQYHFWLRQIURPF\OLQGHUV>@WKUHHHTXDWLRQVGHILQLQJWKHUDWHV
RIFRQYHFWLRQKHDWORVV ܳ௖ IRUGLIIHUHQWOHYHOVRIZLQGVSHHGVKDYHEHHQJLYHQLQ>@
:KHQ WKHUH LV QR ZLQG WKH QDWXUDO FRQYHFWLRQ ܳ௖௡ RFFXUULQJ RQ WKH FRQGXFWRU
VXUIDFH LV PDLQO\ GHSHQGHQW RQ WKH GLIIHUHQFH EHWZHHQ FRQGXFWRU WHPSHUDWXUH ௖ܶ
DQGDLUWHPSHUDWXUH ௔ܶ ܳ௖௡ ൌ  ?Ǥ ? ? ? ?ߩ௔଴Ǥହܦ௖଴Ǥ଻ହሺ ௖ܶ െ ௔ܶሻଵǤଶହ - 
ZKHUH ߩ௔ LVWKHDLUGHQVLW\ ሺ݇݃ ݉ଷ ? ሻ DQG ܦ௖ LVWKHFRQGXFWRUGLDPHWHU ሺ݉݉ሻ 
)RU ZLQG VSHHGV ݓ௦  DERYH ]HUR WKH UDWHV RI IRUFHG FRQYHFWLRQ KHDW ORVV DUH
HVWLPDWHGE\HTXDWLRQV-DQG-IRUORZDQGKLJKZLQGVSHHGVUHVSHFWLYHO\ 
ܳ௖௙ଵ ൌ ቈ ?Ǥ ? ?൅  ?Ǥ ? ? ? ?൬ܦ௖ߩ௔ݓ௦ݒ௔ ൰଴Ǥହଶ቉ ߝ௔ܭ௔௡௚௟௘ሺ ௖ܶ െ ௔ܶሻ - ܳ௖௙ଶ ൌ ቈ ?Ǥ ? ? ? ?൬ܦ௖ߩ௔ݓ௦ݒ௔ ൰଴Ǥ଺቉ ߝ௔ܭ௔௡௚௟௘ሺ ௖ܶ െ ௔ܶሻ - 
ZKHUH WHUPV ݒ௔ DQG ߝ௔ UHSUHVHQW WKH DLU YLVFRVLW\ LQ ሺܲܽ  ? ݏሻ DQG WKH FRHIILFLHQW
RI WKHUPDO FRQGXFWLYLW\ RI DLU LQ ሺܹ ሺ݉  ? Ԩሻ ? ሻ UHVSHFWLYHO\ 6LQFH WKHUH LV QR
VSHFLILFERXQGDU\WRFODVVLI\ ݓ௦ LQWRWKHORZRUKLJKOHYHODQGHTXDWLRQV-DQG
-XQGHUHVWLPDWHWKHIRUFHGFRQYHFWLRQDWKLJKDQGORZZLQGVSHHGVUHVSHFWLYHO\
LW LV UHFRPPHQGHG WKDW WKH ODUJHU YDOXH IURP ܳ௖௙ଵ RU ܳ௖௙ଶ LV XVHG DV WKH IRUFHG
FRQYHFWLRQ KHDW ORVV UDWH ܳ௖௙ ൌ ݉ܽݔ൫ܳ௖௙ଵǡ ܳ௖௙ଶ൯ >@ ܭ௔௡௚௟௘ LV WKH ZLQG GLUHFWLRQ
IDFWRUWKDWLVGHWHUPLQHGE\WKHDWWDFNDQJOH ߴௗ EHWZHHQWKHZLQGGLUHFWLRQ ݓௗ DQG
WKHFRQGXFWRUD]LPXWK ܼ௟ ܭ௔௡௚௟௘ ൌ  ?Ǥ ? ? ?െ ሺߴௗሻ ൅  ?Ǥ ? ? ?ሺ ? ௗߴሻ ൅  ?Ǥ ? ? ?ሺ ? ௗߴሻ - 
7KHODUJHUYDOXHIURP ܳ௖௙ RU ܳ௖௡ LVUHFRPPHQGHGWREHXVHGDV ܳ௖ IRUORZZLQG
VSHHGV>@7KHUHIRUH WKHFRQYHFWLRQKHDW ORVVUDWH ܳ௖ LVILQDOO\GHWHUPLQHGDVWKH
ODUJHVWYDOXHIURP ܳ௖௙ଵ ܳ௖௙ଶ RU ܳ௖௡ IRUDQ\OHYHORIZLQGVSHHG 
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7KHWHUPV ߩ௔ ݒ௔ DQG ߝ௔ DUHDOOGHSHQGHQWRQWKHDYHUDJH ௙ܶ௜௟௠ RI ௖ܶ DQG ௔ܶ 
ߩ௔ ൌ  ?Ǥ ? ? ?െ  ?Ǥ ? ? ?ൈ  ? ?ିସܪ௘ ൅  ?Ǥ ? ? ?ൈ  ? ?ିଽܪ௘ଶ ? ൅  ?Ǥ ? ? ? ? ?௙ܶ௜௟௠  - 
ݒ௔ ൌ  ?Ǥ ? ? ?ൈ  ? ?ି଺൫ ௙ܶ௜௟௠ ൅  ? ? ?൯ଵǤହ௙ܶ௜௟௠ ൅  ? ? ?Ǥ ?  - ߝ௔ ൌ  ?Ǥ ? ? ?ൈ  ? ?ିଶ ൅  ?Ǥ ? ? ?ൈ  ? ?ି ହ ௙ܶ௜௟௠ െ  ?Ǥ ? ? ?ൈ  ? ?ିଽ ௙ܶ௜௟௠ଶ  - 
ZKHUH ܪ௘ LQHTXDWLRQ-LVWKHHOHYDWLRQRIWKHFRQGXFWRUDERYHVHDOHYHO 
2.1.4.3. 5DGLDWLRQKHDWORVVUDWH 
7KHUDWHRIUDGLDWLRQKHDWORVV ܳ௥ IURPWKHFRQGXFWRUVXUIDFHZLWKDQHPLVVLYLW\ ߝ௘ 
LVGHILQHGDV 
ܳ௥ ൌ  ?Ǥ ? ? ? ?ܦ௖ߝ௘ ቈ൬ ௖ܶ ൅  ? ? ? ? ? ? ൰ସ െ ൬ ௔ܶ ൅  ? ? ? ? ? ? ൰ସ቉ - 
2.1.4.4. 6RODUKHDWJDLQUDWH 
7KHUDWHRIVRODUKHDWJDLQ ܳ௦ RIWKHFRQGXFWRULVUHODWHGWRWKHVRODUDEVRUSWLYLW\ ߝ௦
SURMHFWHGDUHDRIFRQGXFWRUSHUXQLWOHQJWK ܣᇱ ሺ݉ଶ ݉ ? ሻHIIHFWLYHDQJOHRILQFLGHQFH
RIVXQ¶VUD\ ߠ௦ DQGWKHWRWDOVRODUDQGVN\UDGLDWHGKHDW LQWHQVLW\ ݍ௦௘ ሺܹ ݉ଶ ? ሻ DW
WKHFRQGXFWRU¶VHOHYDWLRQ ܪ௘ ܳ௦ ൌ ߝ௦ݍ௦௘ ሺߠ௦ሻ ܣᇱ - 
ZKHUH WKH WHUP ߠ௦ LVGHULYHG IURP WKHDOWLWXGHRI WKHVXQ ܪ௦ DQG WKHGHYLDWLRQ LQ
D]LPXWKEHWZHHQWKHVXQ ܼ௦ DQGWKHOLQH ܼ௟ ߠ௦ ൌ ିଵሾሺܪ௦ሻ ሺܼ௦ െ ܼ௟ሻሿ - 
7KHDOWLWXGHRIWKHVXQ ܪ௦ GHSHQGVRQWKHODWLWXGHRIWKHFRQGXFWRU ܮܽݐKRXUDQJOHݓ௛  WKDW LV WKH QXPEHU RI KRXUV IURP VRODU QRRQ WLPHV ߨ  ? ? ?  DQG WKH VRODU
GHFOLQDWLRQ ߜ௦ ZKLFKLVDIXQFWLRQRIWKHGD\RIWKH\HDU ݀௡௨௠ ܪ௦ ൌ ିଵሾሺܮܽݐሻ ሺߜ௦ሻ ሺݓ௛ሻ ൅ ሺܮܽݐሻ ሺߜ௦ሻሿ - 
ZKHUH 
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ߜ௦ ൌ  ?Ǥ ? ? ? ? ൬ ? ? ?൅ ݀௡௨௠ ? ? ? ൈ  ?ߨ൰ - 
7KH YDOXH RI ߜ௦  LV SRVLWLYH IRU QRUWKHUQ KHPLVSKHUH DQG QHJDWLYH IRU VRXWKHUQ
KHPLVSKHUH ,W LVVXJJHVWHGLQ&,*5(7%>@ WRFRUUHFW WKHKRXUDQJOH ݓ௛ E\
WKH ORQJLWXGH GHYLDWLRQ IURP WKH VWDQGDUG PHULGLDQ RI WKH ORFDO WLPH ]RQH ,I WKH
SRVLWLRQ LV RQ HDVW VLGHRI VWDQGDUG PHULGLDQ  PLQXWHV SHU GHJUHH RI ORQJLWXGH LV
DGGHG,ILWLVRQZHVWVLGHRIVWDQGDUGPHULGLDQPLQXWHVSHUGHJUHHRIORQJLWXGHLV
VXEWUDFWHG )XUWKHUPRUH LW VKRXOG EH QRWHG WKDW WKH GD\OLJKW VDYLQJV WLPH '67
QHHGVWREHDGMXVWHGWRWKHORFDOVWDQGDUGWLPH/67LH ܮܵܶ ൌ ܦܵܶ െ  ? ݄ 
7KHD]LPXWKRIWKHVXQ ܼ௦ LVGHILQHGDV ܼ௦ ൌ ܥ௦ ൅ ିଵሺ߯௦ሻ - 
ZKHUH ߯௦ LVWKHVRODUD]LPXWKYDULDEOHGHILQHGDV ߯௦ ൌ ሺݓ௛ሻሺܮܽݐሻ ሺݓ௛ሻ െ ሺܮܽݐሻ ሺߜ௦ሻ - 
DQG ܥ௦ LVWKHVRODUD]LPXWKFRQVWDQWWKDWLVDIXQFWLRQRI ݓ௛ DQG ߯௦ 
ܥ௦ ൌ ൝  ? ݂݋ݎ െ ߨ ൑ ݓ௛ ൏  ?Ƭ ௦߯ ൒  ? ?ߨ ݂݋ݎ ? ൑ ݓ௛ ൏ ߨƬ߯௦ ൏  ?ߨ ݋ݐ݄݁ݎݓ݅ݏ݁  - 
,WLVQRWHGWKDWDOOWKHWHUPVUHSUHVHQWLQJWKHGLUHFWLRQVDUHLQµUDGLDQV¶ 
2.2. &RQGXFWRU7HPSHUDWXUHEDVHG'/57HFKQLTXHV 
7KLV VHFWLRQ LQWURGXFHV WKH WHPSHUDWXUHEDVHG'/5 WHFKQLTXHVZKLFK W\SLFDOO\XVH
WHPSHUDWXUHPRQLWRULQJVHQVRUVWRPHDVXUHFRQGXFWRUWHPSHUDWXUHVVRDVWRSUHYHQW
WKHPD[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUHEHLQJH[FHHGHG,QRUGHUWRSURYLGH
WKH '/5 YDOXHV D ZHDWKHU VWDWLRQ LV XVXDOO\ LQVWDOOHG LQ FORVH SUR[LPLW\ WR WKH
WHPSHUDWXUHPRQLWRULQJVHQVRUWRPHDVXUHWKHZHDWKHUFRQGLWLRQVH[SHULHQFHGE\WKH
PRQLWRUHGVSDQ7KHPHDVXUHPHQWVRIFRQGXFWRUWHPSHUDWXUHDQGZHDWKHUFRQGLWLRQV
DUHWKHQXVHGWRFDOFXODWHWKHµHIIHFWLYH¶ZLQGVSHHGVSHUSHQGLFXODUWRWKHVSDQZKLFK
26 
 
SURYLGHVWKHVDPHZLQGFRROLQJHIIHFWDVWKHDFWXDOZLQGVSHHGVDQGGLUHFWLRQVZKLFK
YDU\DORQJWKHVSDQ>@7KHHVWLPDWHGµHIIHFWLYH¶ZLQGVSHHGVDUHWKHQXVHGZLWKD
PD[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUHWRGHWHUPLQHUHDO-WLPHUDWLQJVEDVHGRQD
WKHUPDOPRGHORIWKHFRQGXFWRUV>@6RPHRIWKHFRQGXFWRUWHPSHUDWXUH-EDVHG'/5
WHFKQLTXHV KDYH EHHQ XSJUDGHG WR PHDVXUH RU LQIHU RWKHU FRQGXFWRU FKDUDFWHULVWLFV
VXFKDVWKHLQFOLQDWLRQDQJOHWHQVLRQDQGVDJRIDVSDQ7KLVPD\PDNHLWSRVVLEOHWR
H[WUDSRODWHVDJVRIRWKHUVXVSHQVLRQVSDQVZLWKLQWKHVDPHOLQHVHFWLRQEDVHGRQWKH
FRQFHSWRIUXOLQJVSDQ 
2.2.1. 2YHUKHDG7UDQVPLVVLRQ/LQH0RQLWRULQJ 
7KHRYHUKHDGOLQHPRQLWRULQJGHYLFHVGHYHORSHGE\WKH2YHUKHDG7UDQVPLVVLRQ/LQH
0RQLWRULQJ 27/0 &RPSDQ\ KDYH EHHQ XSJUDGHG IURP PHDVXULQJ WKH FRQGXFWRU
WHPSHUDWXUHDQGOLQHFXUUHQWRQO\>@WRDGGLWLRQDOO\FDSWXULQJWKHLQFOLQDWLRQDQJOH
VDJDQGWHQVLRQRIDVSDQ>@$Q27/0V\VWHPFRQVLVWVRIVHYHUDO27/0GHYLFHV
DVVKRZQLQ)LJ-WKDWDUHIL[HGRQWKHSUHGHILQHGSRLQWVHJWKHFULWLFDOVSDQV
DORQJD OLQHZKHUHFRQGXFWRU WHPSHUDWXUHV LQFOLQDWLRQDQJOHV DQG OLQHFXUUHQWV DUH
GLUHFWO\PHDVXUHGDQGZHDWKHUVWDWLRQVIURPZKLFKDPELHQWFRQGLWLRQVDUHREVHUYHG
>@7KHVDJDQGWHQVLRQRIWKHPRQLWRUHGVSDQDUHFDOFXODWHGEDVHGRQWKHUHDO-WLPH
PHDVXUHPHQWV RI LQFOLQDWLRQ DQJOH DQG FRQGXFWRU WHPSHUDWXUH FRPELQHG ZLWK D
PDWKHPDWLFDO PRGHO ZKLFK WDNHV WKH JHRPHWULF DQG PHFKDQLFDO FKDUDFWHULVWLFV RI
FRQGXFWRUVLQWRDFFRXQW 
 
)LJ-$Q27/0GHYLFH>@ 
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7KH DFWXDO DQJOH RI LQFOLQDWLRQ PHDVXUHG E\ DQ LQFOLQRPHWHU LQVWDOOHG ZLWKLQ DQ
27/0GHYLFHLVXVHGWRFDOLEUDWHWKHPDWKHPDWLFDOPRGHOZKLFKFDOFXODWHVWKHDQJOH
RI LQFOLQDWLRQ E\ FRPSDULQJ WKH SRVLWLRQV RI WKH IL[HG SRLQW EHIRUH DQG DIWHU WKH
SUHVHQFHRIWKH27/0GHYLFHIRUDUDQJHRIFRQGXFWRUWHPSHUDWXUHVZKHQWKHUHLVQR
DGGLWLRQDOORDGLQJ,IWKHLQFOLQDWLRQDQJOHFDOFXODWHGE\WKHFDOLEUDWHGPDWKHPDWLFDO
PRGHO H[FHHGV WKH PHDVXUHG YDOXH E\ D SDUWLFXODU JLYHQ WROHUDQFH QRUPDOO\
GHWHUPLQHGE\ WKH VWDWLVWLFDO HUURURI DQ DQJOHPHDVXUHPHQW WKH FRQGXFWRUVEHLQJ
FRYHUHG E\ LFH RU ORDGHG ZLWK ZHW VQRZ ZLOO EH LQIRUPHG >@ ,Q DGGLWLRQ WKH
FRQGXFWRU WHPSHUDWXUH PHDVXUHG E\ DQ 27/0 GHYLFH FRPELQHG ZLWK ZHDWKHU
FRQGLWLRQV REVHUYHG IURP WKH LQVWDOOHG ZHDWKHU VWDWLRQ FDQ EH XVHG WR HVWLPDWH WKH
³UHDO-WLPH´UDWLQJ>@EDVHGRQDWKHUPDOPRGHORIWKHFRQGXFWRUVSURSRVHGLQ>@ 
7KHRSHUDWLRQRIDQ27/0GHYLFHLVVXSSOLHGE\DEXLOW-LQFXUUHQWWUDQVIRUPHUDQG
QRDGGLWLRQDOSRZHUVRXUFHLVUHTXLUHG>@7KHZHDWKHUVWDWLRQLVSRZHUHGE\VRODU
SDQHOVDQGEDWWHULHV>@7KH27/0GHYLFHFDQEHDSSOLHGWRWKH2+/VRSHUDWLQJDW
WKH YROWDJH OHYHO IURP N9 WR N9 >@ 7KH 27/0 GHYLFH FDQ RQO\ RSHUDWH
ZKHQWKHOLQHFXUUHQWLVJUHDWHUWKDQ  ? ?ܣ7KHUHIRUHWKHOLQHFXUUHQWPHDVXUHPHQWV
UDQJH IURP  ? ?ܣ ZLWK D UHVROXWLRQ RI  ?ܣ 7KH PHDVXUHG FRQGXFWRU WHPSHUDWXUH
UDQJHVIURP െ ? ?Ԩ WR  ? ? ?Ԩ ZLWKDUHVROXWLRQRI  ?Ǥ ?Ԩ DQGDGHYLDWLRQRI േ ?Ԩ
>@3OHDVHUHIHUWR>@ZKLFKGHWDLOVWHFKQLFDOSDUDPHWHUVRIDQ27/0GHYLFH 
6FKHGXOHGGLVFRQQHFWLRQLVUHFRPPHQGHGEXWQRWQHFHVVDU\IRU WKHLQVWDOODWLRQRI
DQ27/0GHYLFHZKLFKLVFORVHWRWRZHUEXWDIWHUWKHDQWL-YLEUDWLRQGHYLFHLIRQHLV
SUHVHQW$VDQ27/0GHYLFHPHDVXUHVFRQGXFWRUWHPSHUDWXUHIRUDVLQJOHVSDQLWLV
YDOXDEOH WR SODFH 27/0 GHYLFHV RQ FULWLFDO VSDQV ZKLFK FDQ EH LGHQWLILHG E\
DLUERUQH/,'$5VXUYH\WHFKQRORJ\>@,QFRPSOH[WHUUDLQDUHDVLWLVUHFRPPHQGHG
WKDW DSSUR[LPDWHO\  WR  27/0 GHYLFHV VKRXOG EH LQVWDOOHG LQ VSDQV ZKHUH WKH
WHUUDLQV FKDQJH VLJQLILFDQWO\ RU FRQGXFWRUV DUH VKLHOGHG IURPZLQGE\ VXUURXQGLQJ
REVWDFOHV7ZR27/0GHYLFHVFDQEHIL[HGDWWKHEHJLQQLQJDQGHQGRIDOLQHRUDW
WKHVHFWLRQVZLWKFRQVLGHUDEOHSLYRWDQJOHLQIODWZRRGOHVVDUHDV>@ 
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2.2.2. 3RZHU'RQXW 
7KHQGJHQHUDWLRQRISRZHUGRQXW3'LV LQWURGXFHGLQWKLVVHFWLRQZKLOHWKHUG
JHQHUDWLRQ 3' KDV EHHQ GHYHORSHG E\ WKH 8QGHUJURXQG 6\VWHPV ,QF 86L $
3' GHYLFH DV VKRZQ LQ )LJ - FDQ EH DWWDFKHG RQWR DQ HQHUJL]HG RYHUKHDG
FRQGXFWRU ZLWKRXW D SODQQHG RXWDJH DQG PHDVXUHV WKH OLQH FXUUHQW YROWDJH DFWLYH
DQGUHDFWLYHSRZHUFRQGXFWRUWHPSHUDWXUHDQGWKHLQFOLQDWLRQDQJOHIURPZKLFKWKH
YDOXHVRI VDJDQG WHQVLRQRI WKHPRQLWRUHGVSDQFDQEHGHULYHG >@7KH OLYH-OLQH
LQVWDOODWLRQRID3'GHYLFHFDQEHDFFRPSOLVKHGE\ D µKRW VWLFN¶ >@ZKLFK LV DQ
LQVXODWHGSROHXVXDOO\PDGHRIILEHUJODVVIRUDOLQHPDQZRUNLQJRQHQHUJL]HGKLJK
YROWDJH2+/V 
 
)LJ-$SRZHUGRQXW3'GHYLFH>@ 
$3'GHYLFHFDQEHVHOI-SRZHUHGIURPDQHQHUJL]HGOLQHZLWKDPLQLPXPFXUUHQWRI
DURXQG  ? ?ܣ  ? ?െ  ? ?ܣ>@:KHQWKHFXUUHQWLVOHVVWKDQWKHPLQLPXPYDOXH
UHTXLUHGIRUWKHGHYLFH¶VRSHUDWLRQWKH3'GHYLFHFDQEHWHPSRUDULO\VXSSOLHGIRU
 KRXUV E\ D EDWWHU\ SDFN ZKLFK ZLOO EH FKDUJHG ZKHQ WKH OLQH FXUUHQW LV DERYH ? ? ?ܣ DQGVKXWGRZQDWDORZEDWWHU\VWDWXV>@,Q>@WKH3'GHYLFHLVVDLGWR
UXQRQEDWWHU\IRURQHKRXUDIWHUZKLFKWKHGHYLFHZLOODXWRPDWLFDOO\VKXWGRZQ7KH
3' GHYLFH FDQ ZRUN LQ V\VWHPV RI YROWDJH OHYHO XS WR N9 >@ 7KH 3' LV
DGGLWLRQDOO\SRZHUHGE\WKHSKRWRYROWDLFFHOOVWKDWDUHDWWDFKHGRQWKHXSSHUVXUIDFH
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RI GHYLFH >@ 3OHDVH UHIHU WR > @ ZKHUH WKH GHYLFH VSHFLILFDWLRQV DQG WKH
IHDWXUHVRIPHDVXUHPHQWVLHUDQJHVUHVROXWLRQVDQGGHYLDWLRQVDUHJLYHQ 
$ 86L ZHDWKHU VWDWLRQ LV LQVWDOOHG LQ YHU\ FORVH SUR[LPLW\ WR WKH 3' GHYLFH DV
VKRZQLQ)LJ-WRPHDVXUHDPELHQWFRQGLWLRQVH[SHULHQFHGDWWKHPRQLWRUHGVSDQ
ZKLFKDUHXVHGIRUWKHDFFXUDWHHVWLPDWLRQVRIUHDO-WLPHUDWLQJV>@7KHRSHUDWLRQRI
D86LZHDWKHUVWDWLRQLVVXSSOLHGE\VRODUSRZHUFRPELQHGZLWKSULPDU\EDWWHU\FHOOV
DQGH[WHUQDOSRZHULVQRWUHTXLUHG>@ 
 
)LJ-$3'GHYLFHDQGD86LZHDWKHUVWDWLRQ>@ 
7ZRPHWKRGVRIHVWLPDWLQJUHDO-WLPHUDWLQJVEDVHGRQPHDVXUHPHQWV IURPWKH3'
GHYLFHDQGWKH86LZHDWKHUVWDWLRQDUHGHVFULEHGLQ>@$WUDGLWLRQDOPHWKRGLVWR
FDOFXODWHWKHUDWLQJVIRUWKHPHDVXUHGZHDWKHUFRQGLWLRQVWKURXJKWKHWKHUPDOPRGHO
RI WKHFRQGXFWRUV>@GLUHFWO\7KHRWKHUPHWKRG LV WRILUVWGHWHUPLQHWKH µHIIHFWLYH¶
ZLQG VSHHG IURP ZHDWKHU PHDVXUHPHQWV FRPELQHG ZLWK WKH PHDVXUHG FRQGXFWRU
WHPSHUDWXUHDQGOLQHFXUUHQWEDVHGRQWKHWKHUPDOPRGHORIRYHUKHDGFRQGXFWRUV>@
7KHHVWLPDWHGµHIIHFWLYH¶ZLQGVSHHGLVWKHQXVHGWRFDOFXODWHWKHUHDO-WLPHUDWLQJWKDW
OHDGV WR D PD[LPXP DOORZDEOH FRQGXFWRU WHPSHUDWXUH XQGHU WKH PHDVXUHG ZHDWKHU
FRQGLWLRQV>@7KHUHDO-WLPHUDWLQJVFDOFXODWHGE\WKHWUDGLWLRQDOPHWKRGµ1RUPDO
'/5,(((¶DQGWKHUHODWLYHO\FRPSOH[PHWKRGµ&70'/5¶DVVKRZQLQ)LJ
->@ZHUHVLPLODUIRUPRVWRIWKHWLPH$FRQVHUYDWLYHSUDFWLFHPD\EHWRXVHWKH
ORZHUYDOXHRIWZRHVWLPDWHVRIUHDO-WLPHUDWLQJV 
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)LJ-5HDO-WLPHUDWLQJVFDOFXODWHGE\WZRPHWKRGVGHYHORSHGIRUD3'V\VWHP>@ 
2.2.3. 7KHUPDO-YLVLRQFDPHUD 
$WKHUPDO-YLVLRQFDPHUDFDQUHFRUGDQLQIUDUHGLPDJHWRPHDVXUHWKHWKHUPDOHQHUJ\
HPLWWHG IURP DQ REMHFW ,W FDQ WKHUHIRUH EH DSSOLHG WR PRQLWRULQJ WHPSHUDWXUHV RI
RYHUKHDG FRQGXFWRUV WKURXJK WUDQVIHUULQJ WKH FRORXU LQIRUPDWLRQ LQWR WKH
FRUUHVSRQGLQJ YDOXH RI WHPSHUDWXUH >@ $ WKHUPR-YLVLRQ FDPHUD QDPHG )/,5
7KHUPD&$0 3 >@ ZDV RQFH HPSOR\HG WR FDSWXUH FRQGXFWRU WHPSHUDWXUHV IRU
HDFK SKDVH RI D N9 2+/ LQ D /DWYLDQ SRZHU QHWZRUN >@ )LJ - VKRZV DQ
H[DPSOH RI WKH LQIUDUHG LPDJH RI WZR FRQGXFWRUV HDFK DOLJQHG YHUWLFDOO\ LQ WKH
LPDJH 7KH DFFXUDF\ RI PHDVXUHPHQWV REWDLQHG IURP )/,5 7KHUPD&$0 3 LVേ ?Ԩ RU േ ? ? RIWKHUHDGLQJ>@ 
 
)LJ-,QIUDUHGLPDJHIRURQHSKDVHRIDN92+/UHFRUGHGE\)/,57KHUPD&$03>@ 
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2.2.4. 2WKHUWHPSHUDWXUHEDVHG'/5WHFKQLTXHV 
'LVWULEXWHG WHPSHUDWXUH VHQVRUV '76 FDQ PRQLWRU WKH GLVWULEXWLRQ RI FRQGXFWRU
WHPSHUDWXUHVDORQJDQRYHUKHDGOLQHE\PHDQVRIRSWLFDOILEUHVEDVHGRQGHWHFWLRQRI
WKHEDFN-VFDWWHULQJRIOLJKW>@,QDGHPRSURMHFW5HG(OpFWULFDGH(VSDxD5((
UHSODFHG RQH VXE-FRQGXFWRU ZLWK DQ RSWLFDO SKDVH SRZHU FRQGXFWRU 233& ZKLFK
KDGWHQRSWLFDOILEUHVLQVLGHDVWDLQOHVVVWHHOWXEHFORVHWRWKHVWHHOFRUHRIWKH233&
>@$FFRUGLQJWR>@D'76V\VWHPXVLQJ%ULOORXLQDQDO\VLVFDQFRYHUDGLVWDQFH
XS WR  ? ? ?݇݉  DW D VSDWLDO UHVROXWLRQ RI  ? െ ? ?݉  DQG PHDVXUH WKH FRQGXFWRU
WHPSHUDWXUHZLWKDQDFFXUDF\RI േ ?Ǥ ?Ԩ DQGDUHDGLQJUHVROXWLRQRI  ?Ǥ ? ? ?Ԩ'76
WHFKQLTXHVKDYH WKHDGYDQWDJHRIGHWHFWLQJ WKHYDULDWLRQV LQFRQGXFWRU WHPSHUDWXUH
DORQJ WKHFRYHUHGGLVWDQFHFRPSDUHGZLWK WKH27/0DQG3'GHYLFHVZKLFKFDQ
RQO\PRQLWRUFRQGXFWRUWHPSHUDWXUHVDWWKHLUIL[LQJSRLQWV+RZHYHUOHVVQRWLFHKDV
EHHQJLYHQWRWKH'76WHFKQLTXHLQSUDFWLFDORQOLQHPRQLWRULQJIRUFRVWUHDVRQV>@ 
3OHDVH UHIHU WR > -@ LQ ZKLFK WKH WHFKQLTXHV RI FRQGXFWRU WHPSHUDWXUH
PRQLWRULQJEDVHGRQVXUIDFHDFRXVWLFZDYH6$:VHQVRUVDQGV\QFKURQL]HGSKDVRU
PHDVXUHPHQWV630DUHLQWURGXFHG 
7KH WHPSHUDWXUH PRQLWRULQJ VHQVRU 706 GLUHFWO\ DWWDFKHG RQ WKH FRQGXFWRU HJ
HTXLSPHQWRI27/03'RU6$:LVDKHDWVLQNVRWKDWWKHFRQGXFWRUWHPSHUDWXUHV
PHDVXUHGE\WKH706PD\EHORZHUWKDQWKHLUDFWXDOYDOXHVLQWKHIUHHVSDQ>@DV
VKRZQLQ)LJ->@%HUQDXHU>@KDVSURSRVHGDQDSSURDFKWRFDOFXODWLQJWKH
FRQGXFWRUWHPSHUDWXUHLQWKHIUHHVSDQEDVHGRQWKHHTXLYDOHQWWKHUPDOVRXUFHWKDWLV
GHULYHG IURP WKHFRQGXFWRU WHPSHUDWXUHPHDVXUHGE\D6$:VHQVRU7KHSURSRVHG
DSSURDFKZDVIRXQGWRSURGXFHDQHDUO\H[DFWHVWLPDWHRIFRQGXFWRUWHPSHUDWXUHLQ
WKH IUHH VSDQ LI WKHUHZDV DQHDUO\ FRQVWDQW µUDWLR¶EHWZHHQ WKH WKHUPDO EHKDYLRXUV
LH WKHWUDQVLHQWFKDQJHRIWHPSHUDWXUHLQUHVSRQVHWR WKHYDULDWLRQVLQ LQIOXHQFLQJ
IDFWRUV RI WKH FRQGXFWRU DQG WKH VHQVRU-FRQGXFWRU FRPSRXQG 2WKHUZLVH WKH
DSSURDFKZRXOGEHH[WHQGHGWRDGGLWLRQDOO\WDNHLQWRDFFRXQW WKHKHDWLQJIXQFWLRQV
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RIWKHFRQGXFWRUDQGWKHVHQVRUDWYDULRXVZLQGVSHHGVZKLFKODUJHO\DIIHFWWKHµUDWLR¶
EHWZHHQWKHUPDOEHKDYLRXUV>@ 
 
)LJ-'LVWULEXWLRQRIFRQGXFWRUWHPSHUDWXUHVDIIHFWHGE\D6$:VHQVRUKHDWVLQNHIIHFW>@ 
7KHDIRUHPHQWLRQHGWHPSHUDWXUHPRQLWRULQJVHQVRU706H[FHSWIRUWKH'76FDQ
RQO\PRQLWRUWKHFRQGXFWRUWHPSHUDWXUHDWWKHIL[LQJSRLQWRIDVLQJOHVSDQ7KRXJK
DLU WHPSHUDWXUHV DQG VRODU UDGLDWLRQV PD\ YDU\ VOLJKWO\ DORQJ D OLQH WKH ODUJH
YDULDWLRQV LQZLQGVSHHGVDQGZLQGGLUHFWLRQVDORQJVXVSHQVLRQVSDQVZLWKLQD OLQH
VHFWLRQXVXDOO\ OHDG WRFRQGXFWRU WHPSHUDWXUHVYDU\LQJIURPVSDQ WRVSDQDQGHYHQ
ZLWKLQ D ORQJ VSDQ ZKHQ WKH OLQH LV RSHUDWHG DW D KLJK FXUUHQW OHYHO JUHDWHU WKDQ ? ܣ ݉݉ଶ ?  >@0XOWLSOHVLQJOH-VSDQ706DUH WKHUHIRUHUHTXLUHG WREH LQVWDOOHGDW
WKHSRVVLEOH FULWLFDO VSDQV HJ WKRVH WKDWPD\EH VKLHOGHG IURPZLQG$VQRWHG LQ
6HFWLRQVDQG WKH27/0DQG3'GHYLFHVDUHERWKFDSDEOHRI LQIHUULQJ
WKH VDJ DQG WKH KRUL]RQWDO WHQVLRQ RI WKH PRQLWRUHG VSDQ IURP PHDVXUHPHQWV RI
LQFOLQDWLRQDQJOHDQGFRQGXFWRUWHPSHUDWXUH7KHUHIRUHWKHVDJVRIRWKHUVXVSHQVLRQ
VSDQVZLWKLQWKHVDPHOLQHVHFWLRQFDQEHHVWLPDWHGEDVHGRQHTXDWLRQ-LIWKHUH
LVDVDWLVIDFWRU\HTXDOLVDWLRQLQWHQVLRQVEHWZHHQWKHVXVSHQVLRQVSDQV>@ 
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2.3. 6DJEDVHG'/57HFKQLTXHV 
7KLV VHFWLRQ ZLOO LQWURGXFH WKH VDJ-EDVHG '/5 WHFKQLTXHV ZKLFK PRQLWRU WKH
VDJFOHDUDQFHRIDVSDQGLUHFWO\ WKURXJKPHDVXULQJ WKHSRVLWLRQRI WKHFRQGXFWRU LQ
VSDFH VR DV WR SUHYHQW WKH YLRODWLRQ RI WKH PLQLPXP FOHDUDQFH UHTXLUHPHQW 7KH
PHDVXUHGVDJRIDVSDQFDQEHFRQYHUWHGLQWRWKHDYHUDJHFRQGXFWRUWHPSHUDWXUHRI
WKHVSDQEDVHGRQWKHNQRZQUHODWLRQVKLSEHWZHHQVDJDQGWHPSHUDWXUHRIFRQGXFWRU
LHWKHVWDWHFKDQJHHTXDWLRQ,QDGGLWLRQWKHVDJVRIRWKHUVXVSHQVLRQVSDQVZLWKLQ
WKHVDPHOLQHVHFWLRQPD\EHGHULYHGIURPWKHPHDVXUHPHQWRIVDJRIWKHLQVSHFWHG
VSDQLIWKHUHLVDQDFFHSWDEOHWHQVLRQHTXDOLVDWLRQZLWKLQWKHOLQHVHFWLRQ 
2.3.1. /DVHUEDVHGVFDQQLQJV\VWHP 
$ODVHUEDVHGVFDQQLQJV\VWHPKDVEHHQGHYHORSHGE\*ROLQHOOL>@WRPHDVXUHQRW
RQO\ WKH FOHDUDQFH RI D VSDQ EXW DOVR WKH UDWH RI LFH DFFUHWLRQ RQ FRQGXFWRUV 7KH
RSHUDWLRQRID ODVHUEDVHGVFDQQLQJV\VWHPLVEDVHGRQGHWHFWLRQRIWKHLQWHQVLW\RI
EDFNVFDWWHUHGVLJQDOVJHQHUDWHGE\WKHLQVSHFWHGFRQGXFWRUZKHQLWLVLQWHUFHSWHGE\
DFROOLPDWHGVFDQQLQJEHDPWKDWH[SORUHVDQDQJXODUUHJLRQRI േ ? ?௢ ZLWKUHVSHFWWR
WKH OLQH RI VLJKW >@ 7KH VDJ RI D VSDQ FDQ EH GHULYHG IURP WKH GHOD\ LQ WLPH
EHWZHHQWKHVFDQQHUGULYLQJVLJQDODQGWKHEDFNVFDWWHUHGVLJQDO>@)LJ-VKRZV
D VFKHPDWLF RI WKH ODVHU EDVHG VFDQQLQJ V\VWHP WKDW LV SODFHG RQ WKH JURXQG DW D
GLVWDQFHRIDURXQG  ? ?݉  IURPWKHPRQLWRUHGVSDQ>@ 
 
)LJ-$VFKHPDWLFRIWKHODVHUEDVHGVFDQQLQJV\VWHP>@ 
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7KHVXVWDLQHG LFHDFFUHWLRQRQRYHUKHDGFRQGXFWRUVGXH WR WKHFRLQFLGHQFHRIKLJK
ZLQGV DLU WHPSHUDWXUHV EHWZHHQ െ ?Ԩ DQG  ?Ԩ DQG VQRZLQJ PD\ VWUHWFK
FRQGXFWRUVWRSSOHVWUXFWXUHVRUHYHQVQDSWKHP>@ZKLFKOHDGVWRODUJHHFRQRPLF
ORVVHVDQGRSHUDWLRQDOSUREOHPVLQSRZHUQHWZRUNV>@5HDO-WLPHGHWHFWLRQRIWKH
LFHDFFUHWLRQRQFRQGXFWRURUWKHRXWHUGLDPHWHURIFRQGXFWRULVWKHUHIRUHQHFHVVDU\
HVSHFLDOO\ ZKHQ WKH DIRUHPHQWLRQHG ZHDWKHU FRQGLWLRQV KDSSHQ VLPXOWDQHRXVO\ ,Q
DGGLWLRQWRWKHVDJRIDVSDQWKHODVHUEDVHGVFDQQLQJV\VWHPFDQSURYLGHWKHYDOXH
RIFRQGXFWRUGLDPHWHUZKLFKLVSURSRUWLRQDOWRWKHWLPHGXUDWLRQRIWKHEDFNVFDWWHUHG
VLJQDO>@7KHLFHDFFUHWLRQRQDQRYHUKHDGFRQGXFWRUFDQWKHUHIRUHEHGHWHFWHGE\
FRPSDULQJWKHPHDVXUHGRXWHUGLDPHWHURIFRQGXFWRUZLWKWKHQRUPDOYDOXH 
)LJ - VKRZV DQ H[DPSOH RI WKH WLPH GXUDWLRQV RI VLJQDOV EDFNVFDWWHUHG E\ D
FRQGXFWRU ZLWK DQ RXWHU GLDPHWHU RI  ? ?݉ ݉ DQG DQ LFHG FRQGXFWRU ZLWK DQ RXWHU
GLDPHWHU RI  ? ?݉ ݉  LH ZLGWKV RI WKH KLJKHVW SHDNV LQ SORWV >@ 7KH WLPH
GXUDWLRQVRIEDFNVFDWWHUHGVLJQDOVIRUD  ? ?݉ ݉ LFHGFRQGXFWRUZHUHDSSUR[LPDWHO\
WZLFHDVORQJDVWKDWIRUD  ? ?݉ ݉ FRQGXFWRU 
 
)LJ - %DFNVFDWWHUHG VLJQDOV WKH KLJKHVW SHDNV JHQHUDWHG E\ D FRQGXFWRU RI D  ? ?݉ ݉ RXWHU
GLDPHWHUKDYLQJVKRUWHUWLPHGXUDWLRQVRIDURXQG  ?Ǥ ? ?ݏ LQXSSHUSORWDQGWKDWIRUDQLFHGFRQGXFWRU
RID  ? ?݉ ݉ RXWHUGLDPHWHUKDYLQJORQJHUWLPHGXUDWLRQVRIDURXQG  ?Ǥ ? ?ݏ LQORZHUSORW>@ 
$VVXPLQJ D GHWHFWLRQ DFFXUDF\ RI േ ? ? VDPSOHV WKH ODVHU EDVHG VFDQQLQJ V\VWHP
ZDV VKRZQ WR SURYLGH WKH PHDVXUHPHQW RI WKH LFHG FRQGXFWRU GLDPHWHU ZLWK DQ
DFFXUDF\ RI േ ?Ǥ ?݉ ݉ DQG WKH VDJ PHDVXUHPHQW ZLWK DQ DFFXUDF\ RI േ ?Ǥ ?݉ ݉ LQ
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WKHH[SHULPHQWFDUULHGRXWLQ>@7KHODVHUEDVHGVFDQQLQJV\VWHPKDVEHHQIRXQG
WRSHUIRUPUHOLDEO\DQGVDWLVIDFWRULO\GXULQJQLJKWWLPHDVZHOODVXQGHUZHDWKHUOLNH
UDLQLQJDQGVQRZLQJ>@ 
2.3.2. 5DGDUEDVHGVFDQQLQJV\VWHP 
$ UDGDU EDVHG VFDQQLQJ V\VWHP GHYHORSHG E\ 0LFHOL >@ LV FDSDEOH RI PRQLWRULQJ
FOHDUDQFHV RI VSDQV -XVW DV ZLWK WKH ODVHU EDVHG VFDQQLQJ V\VWHP WKH UDGDU EDVHG
V\VWHP VHQGV D VLJQDO WR D UHJLRQ WKDW LQFOXGHV DW OHDVW D SRUWLRQ RI WKH PRQLWRUHG
VSDQDQGD UHIHUHQFHREMHFW VXFKDV DJURXQG VXUIDFHRU DQREMHFW RYHU WKHJURXQG
VXUIDFH 7KH JHRPHWULF UHODWLRQVKLS EHWZHHQ WKH LQVSHFWHG VSDQ DQG WKH UHIHUHQFH
REMHFWFDQWKHQEHH[WUDFWHGIURPWKHUHIOHFWHGUDGDUVLJQDO>@ 
,QFRPPRQZLWK WKH ODVHUEDVHGVFDQQLQJV\VWHP WKH UDGDUEDVHG VFDQQLQJV\VWHP
UHTXLUHVJRRGDFFHVVWRWKHVWUXFWXUHVDQGRYHUKHDGFRQGXFWRUVVLQFHWKHPRQLWRULQJ
GHYLFHV DUH XVXDOO\ SODFHG DURXQG WKH LQVSHFWHG VSDQV >@ *URXQG-EDVHG ODVHU RU
YHKLFOH-EDVHGUDGDUVFDQQLQJV\VWHPVQHLWKHUQHHGDVFKHGXOHGOLQHRXWDJHQRUDIIHFW
FRQGXFWRUV LQ WKH ZD\ WKDW WKH 706¶V GLUHFW DWWDFKPHQW RQ FRQGXFWRUV GRHV
+RZHYHU WKH OLQH PD\ EH EORZQ RXW RI WKH ODVHU RU UDGDU VFDQQLQJ UDQJH LQ KLJK
ZLQGV>@ 
2.3.3. 9LGHRVDJRPHWHUVFDQQLQJV\VWHP 
$ YLGHR VDJRPHWHU VFDQQLQJ V\VWHP GHYHORSHG E\ WKH (OHFWULF 3RZHU 5HVHDUFK
,QVWLWXWH(35,FDQUHFRJQL]HWKHSRVLWLRQRIDVPDOOWDUJHWKXQJRQDVSDQEDVHGRQ
ZKLFKWKHFDWHQDU\HTXDWLRQRIFRQGXFWRUVDQGWKXVWKHGLVWDQFHIURPDQ\SRLQWDORQJ
WKHVSDQWRJURXQGLHWKHFOHDUDQFHFDQEHGHWHUPLQHG>@7KHPDMRUFRPSRQHQWV
RI WKH V\VWHP DUH D YLGHR FDPHUD EDVHG RQ KLJKO\ OLJKW-VHQVLWLYH FKDUJH FRXSOHG
GHYLFH WHFKQRORJ\ D SDVVLYH UHIOHFWLYH WDUJHW DWWDFKHG RQ WKH OLQH )LJ - D
VROLG-VWDWHWDUJHW LOOXPLQDWRUZKLFKLVXVHGWRLOOXPLQDWHWKHWDUJHWDWQLJKWRUZKHQ
WKHUH LV LQVXIILFLHQW DPELHQW OLJKW DQ HOHFWURQLFV SDFNDJH FRQWDLQLQJ D V\VWHP IRU
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GDWD DFTXLVLWLRQ DQG DQDO\VLV DQG D FRPPXQLFDWLRQ V\VWHP > @ 7KH YLGHR
FDPHUD LV W\SLFDOO\ PRXQWHG RQ WKH WRZHU VXSSRUWLQJ WKH PRQLWRUHG VSDQ RU DQ\
VWUXFWXUHLQWKHYLFLQLW\ZKHUHWKHFDPHUDKDVDJRRGVLJKWLQJRIWKHWDUJHWKXQJRQ
WKHVSDQ>@DVVKRZQLQ)LJ->@ 
  
     )LJ-$WDUJHWKXQJRQWKHOLQH>@    )LJ-$FDPHUDPRXQWHGRQDZRRGSROH>@ 
7KHYLGHRVDJRPHWHUWDUJHWFDQEHGLUHFWO\LQVWDOOHGRQDQDFFHVVLEOHFRQGXFWRUDQGD
SODQQHGRXWDJHLVQRWUHTXLUHG>@7KHRSHUDWLRQRIWKHYLGHRVDJRPHWHUVFDQQLQJ
V\VWHPLVVXSSRUWHGE\HLWKHU9DFSRZHURU9GFSRZHUIURPDSUH-SDFNDJHG
SKRWRYROWDLFSRZHUVXSSO\>@7KHDFFXUDF\RIWKHPRQLWRUHGVSDQFRRUGLQDWHVIRU
WKH FOHDUDQFH FDOFXODWLRQ LV ZLWKLQ േ ?Ǥ ? ?ܿ݉  IRU PRVW FDVHV >@ +RZHYHU D
UHGXFHGFODULW\RIWKHWDUJHWLPDJHDQGDOHVVHIIHFWLYHRSHUDWLRQRIWKHXQLWPD\EH
FDXVHGE\WKHH[WUHPHZHDWKHUVXFKDVIRJRUKHDY\VQRZ>@3OHDVHUHIHUWR>@
ZKHUHGHWDLOHGLQIRUPDWLRQDERXWDYLGHRVDJRPHWHUVFDQQLQJV\VWHPLVJLYHQ 
2.3.4. 'LIIHUHQWLDOJOREDOSRVLWLRQLQJV\VWHP 
7KHJHRJUDSKLFFRRUGLQDWHVLHODWLWXGHORQJLWXGHDQGDOWLWXGHRIDORFDWLRQFDQEH
REWDLQHGE\DJOREDOSRVLWLRQLQJV\VWHP*36UHFHLYHULQVWDOOHGDWWKHJLYHQSRVLWLRQ
EXWZLWKDEDGDFFXUDF\RI  ? ?݉ െ  ? ? ?݉  GXHWRYDULRXVVRXUFHV>@.QRZLQJWKH
DOWLWXGHRIWKHPRQLWRUHGSRVLWLRQPDNHVLWSRVVLEOHWRPHDVXUHWKHVDJRUFOHDUDQFH
RIDVSDQ2QHZD\WRLPSURYHWKHDFFXUDF\RIWKH*36PHDVXUHGDOWLWXGHLVXVLQJDQ
DGGLWLRQDO*36EDVHUHFHLYHUDWDUHIHUHQFHVWDWLRQWRPHDVXUHWKHDOWLWXGHZKLFKLV
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FRPSDUHGZLWK LWV DFWXDOYDOXH LQRUGHU WRJHW WKH WLPLQJHUURURI*36VLJQDO7KH
WLPLQJ HUURU LV WKHQ WUDQVPLWWHG WR D *36 UHFHLYHU DWWDFKHG RQ WKH VSDQ E\ D
FRPPXQLFDWLRQPRGXOHWRFDOLEUDWHWKHDOWLWXGHPHDVXUHPHQWDWWKHUHFHLYHU>@
7KLV VDJ PRQLWRULQJ WHFKQLTXH LV WKH GLIIHUHQWLDO *36 '*36 $ VFKHPDWLF
UHSUHVHQWLQJD'*36LVVKRZQLQ)LJ-ZKHUHWKHEDVHUHFHLYHULVDURXQG  ? ?݇ ݉
DZD\IURPWKHPRQLWRUHGVSDQ>@ 
 
)LJ-$VFKHPDWLFRID'*36>@ 
,QWKHILHOGH[SHULPHQWFRQGXFWHGLQ>@DODVHUEDVHGVFDQQLQJV\VWHPZDVXVHGDV
D UHIHUHQFH WR FDOLEUDWH '*36 PHDVXUHPHQWV 7KH KLVWRULFDO '*36 PHDVXUHPHQWV
UHFRUGHGHYHU\VHFRQGLQDWHQ-VHFRQGVOLGLQJWUDLQLQJZLQGRZZHUHFRPSDUHGZLWK
WKHODVHUPHDVXUHPHQWVLQWKHVDPHSHULRGIURPZKLFKDSSURSULDWHFXUYH-ILWWLQJDQG
VPRRWKLQJWHFKQLTXHVZHUHGHWHUPLQHGVRDVWRUHILQHWKH'*36PHDVXUHPHQWV7KH
FOHDUDQFHRIDVSDQPHDVXUHGE\WKH'*36DQGWKHODVHUEDVHGVFDQQLQJV\VWHPZHUH
FRPSDUHGIRUDYDULHW\RIFXUUHQWSURILOHV7KHHUURURIWKH'*36PHDVXUHPHQWVDIWHU
WKHFDOLEUDWLRQZDVDURXQG േ ?Ǥ ? ?ܿ݉ZKHQ WKH ODVHUPHDVXUHPHQWZDV UHJDUGHGDV
WKHUHIHUHQFH>@ 
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2.4. 0XOWL-VSDQ'/50RQLWRULQJ7HFKQLTXHV 
7KH DIRUHPHQWLRQHG FRQGXFWRU WHPSHUDWXUH-EDVHG DQG VDJ-EDVHG '/5 WHFKQLTXHV
SURYLGHPHDVXUHPHQWVRQO\IRUWKHVSDQVZKHUHWKH\DUHLQVWDOOHG7KHVHWHFKQLTXHV
PD\ EH QDPHG DV WKH VLQJOH-VSDQ '/5 PRQLWRULQJ WHFKQLTXHV WKRXJK WKH
PHDVXUHPHQWRULQIHUHQFHRIVDJIRUWKHPRQLWRUHGVSDQPD\EHXVHGWRH[WUDSRODWH
WKHVDJVRIRWKHUVXVSHQVLRQVSDQVZLWKLQWKHVDPHOLQHVHFWLRQXVLQJWKHFRQFHSWRI
UXOLQJVSDQLIWKHUHLVDQDFFHSWDEOHWHQVLRQHTXDOLVDWLRQZLWKLQWKHOLQHVHFWLRQ7KLV
VHFWLRQ LQWURGXFHV WZR '/5 WHFKQRORJLHV LH D µ&$7-¶ '\QDPLF /LQH 5DWLQJ
6\VWHP DQG DQ µ$PSDFLPRQ¶ VHQVRU ZKLFK DUH ERWK FDSDEOH RI PRQLWRULQJ WKH
DYHUDJHWKHUPDODQGPHFKDQLFDOEHKDYLRXUVRIDOLQHVHFWLRQ7KHµ&$7-¶'\QDPLF
/LQH 5DWLQJ 6\VWHP DQG WKH $PSDFLPRQ PD\ EH QDPHG DV WKH PXOWL-VSDQ '/5
PRQLWRULQJ WHFKQLTXHV ZKLFK H[WUDSRODWH D JOREDO VHFWLRQ YDOXH WR HDFK RI WKH
VXVSHQVLRQVSDQVZLWKLQWKHOLQHVHFWLRQXVLQJWKHFRQFHSWRIUXOLQJVSDQ>@ 
2.4.1. &$7-'\QDPLF/LQH5DWLQJ6\VWHP 
$µ&$7-¶'\QDPLF/LQH5DWLQJ'/56\VWHPLVGHVLJQHGWRPHDVXUHWKHWHQVLRQ
DQG LQIHU WKH VDJDYHUDJH WHPSHUDWXUHDQG UHDO-WLPH UDWLQJRIRYHUKHDGFRQGXFWRUV
EHWZHHQ VWUDLQ GHDG-HQG RU DQJOH VWUXFWXUHV >@ EDVHG RQ DQ DVVXPSWLRQ RI
KRUL]RQWDO WHQVLRQV DORQJ D OLQH VHFWLRQ EHLQJ QHDUO\ HTXDOLVHG $ &$7- '/5
6\VWHP PDLQO\ FRQVLVWV RI ORDG FHOOV WKDW PHDVXUH WKH KRUL]RQWDO WHQVLRQV RI
FRQGXFWRUVDQHW UDGLDWLRQVHQVRU 156UHSUHVHQWLQJDGH-HQHUJL]HGFRQGXFWRUDQ
DLU WHPSHUDWXUH VHQVRU D&$7-0DLQ8QLW UHVSRQVLEOH IRU WKHPDLQSURFHVVRU DQG
FRPPXQLFDWLRQVDQGD&$7-3$&SRZHUPRGXOHWKDWVXSSOLHVSRZHUIRUWKH&$7-
'/56\VWHP¶VRSHUDWLRQ>@ 
2.4.1.1. /RDGFHOOVDQGVDJPHDVXUHPHQWV 
7\SLFDOO\ WZR ORDG FHOOV DUH SODFHG DW D VWUDLQ VWUXFWXUH WR PRQLWRU GLIIHUHQW OLQH
VHFWLRQVRQHDFKVLGHRIWKHVWUXFWXUH$QH[DPSOHRIDIRXU-VSDQVHFWLRQVXSSRUWHG
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E\ WZRVWUDLQ VWUXFWXUHV DQG WKUHHVXVSHQVLRQVWUXFWXUHV LV VKRZQ LQ)LJ -7KH
KRUL]RQWDOWHQVLRQDORQJVXVSHQVLRQVSDQVFDQEHPRQLWRUHGE\DORDGFHOOSODFHGDW
WKHVWUDLQVWUXFWXUH$RU(>@7KHORDGFHOOLVXVXDOO\LQVWDOOHGEHWZHHQWKHFURVVDUP
RIDVWUDLQVWUXFWXUHDQGWKHGH-HQHUJL]HGVLGHRIDQLQVXODWRU>@DVVKRZQLQ)LJ
->@7KHPHDVXUHGWHQVLRQRIFRQGXFWRUVJHQHUDOO\KDVDQDFFXUDF\RI  ?Ǥ ? ? ?
RI IXOO VFDOH DQG D UHVROXWLRQ RI  ?Ǥ ? ? ? RI IXOO VFDOH ,Q SUDFWLFH WKH ORDG FHOO LV
OLNHO\WRRSHUDWHDW  ? ? ? RIIXOOVFDOHDQGWKXVWKHDFFXUDF\DQGUHVROXWLRQDUHDERXW ?Ǥ ? ? DQG  ?Ǥ ? ? RIWKHPHDVXUHGYDOXHVUHVSHFWLYHO\>@ 
 
)LJ-$IRXU-VSDQVHFWLRQFRQVLVWLQJRIWZRVWUDLQVWUXFWXUHVDQGWKUHHVXVSHQVLRQVWUXFWXUHV>@ 
 
)LJ-/RDGFHOOVPRXQWHGEHWZHHQWKHFURVVDUPRIDVWUDLQVWUXFWXUHDQGLQVXODWRUV>@ 
7KH VDJRI HDFK VXVSHQVLRQ VSDQZLWKLQ WKHPRQLWRUHG OLQH VHFWLRQFDQEH URXJKO\
GHWHUPLQHG IURP WKH PHDVXUHG WHQVLRQ E\ WKH HTXDWLRQV UHODWLQJ WHQVLRQ WR VDJ DV
GHVFULEHG LQ $SSHQGL[ $ DQG % EDVHG RQ WKH DVVXPSWLRQ RI WHQVLRQ HTXDOLVDWLRQ
EHWZHHQVXVSHQVLRQVSDQV,QSUDFWLFDODSSOLFDWLRQVWKHDFFXUDF\RIWKHVDJ-WHQVLRQ
FDOFXODWLRQ LV DIIHFWHG E\ VHYHUDO HUURU VRXUFHV VXFK DV WKH IOH[LELOLW\ RI VWUXFWXUHV
DQGXQFHUWDLQZHLJKWVRIRYHUKHDGFRQGXFWRUV>@ZKLFKPXVWEHFDOLEUDWHGE\WKH
ILHOGPHDVXUHPHQWV>@7KH&$7-'/56\VWHPZDVVWDWHGLQ>@WRPHDVXUHWKH
VSDQ VDJ ZLWK DQ DFFXUDF\ RI  ? െ  ?ܿ ݉ 7KH ILHOG H[SHULPHQW FDUULHG RXW LQ >@
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KRZHYHUVKRZHGWKDWWKHWHQVLRQ-EDVHGVDJPHDVXUHPHQWRIGH-HQHUJL]HGFRQGXFWRUV
KDG DQ HUURU H[FHHGLQJ  ?ܿ ݉ DW WLPHV EXW ZLWKLQ  ? ? RI WKHLU DFWXDO YDOXHV $
VFKHGXOHGOLQHRXWDJHLVUHTXLUHGIRULQVWDOODWLRQRIORDGFHOOV 
2.4.1.2. 1HWUDGLDWLRQVHQVRUDQGDYHUDJHFRQGXFWRUWHPSHUDWXUH 
7KHPHFKDQLFDO WHQVLRQPHDVXUHGE\DORDGFHOO LVDOVRFRUUHODWHGZLWKWKHDYHUDJH
FRQGXFWRU WHPSHUDWXUH RI WKH OLQH VHFWLRQ 7KH WHPSHUDWXUH RI D GH-HQHUJL]HG
FRQGXFWRU LHQHWUDGLDWLRQWHPSHUDWXUH157ZDVIRXQGWRGHFUHDVHOLQHDUO\ZLWK
WKH LQFUHDVH LQ WKH PHDVXUHG WHQVLRQ >@ 7KH 157 FDQ EH PHDVXUHG E\ D QHW
UDGLDWLRQ VHQVRU 156 DV VKRZQ LQ )LJ - >@ ZKLFK LV PDLQO\ PDGH XS RI D
FRQGXFWRUUHSOLFDPDGHRIWKHVDPHPDWHULDOZLWKDSSUR[LPDWHO\WKHVDPHGLDPHWHU
DQGSDLQWHGWRKDYHDSSUR[LPDWHO\WKHVDPHDEVRUSWLYLW\DQGHPLVVLYLW\DVWKHDFWXDO
FRQGXFWRU7KHFRQGXFWRUUHSOLFDLVSODFHGSDUDOOHO WR WKHOLQHDQGDWDSSUR[LPDWHO\
WKH VDPH KHLJKW LQ WKH YLFLQLW\ RI WKH DFWXDO FRQGXFWRU LQ RUGHU WR H[SHULHQFH WKH
VDPHDPELHQWFRQGLWLRQVDV WKHDFWXDOFRQGXFWRU7KHUHIRUH WKH WHPSHUDWXUHRI WKH
FRQGXFWRUUHSOLFDLHWKH157LVQHDUO\WKHVDPHDVWKHDFWXDOFRQGXFWRUWHPSHUDWXUH
ZKHQWKHOLQHLVQRWLQRSHUDWLRQ 
 
)LJ-$QHWUDGLDWLRQVHQVRU156>@ 
$ VWDWH FKDQJH FXUYH >@ ZKLFK LQGLFDWHV WKH UHODWLRQVKLS RI DYHUDJH FRQGXFWRU
WHPSHUDWXUH ZLWK WHQVLRQ LV XVXDOO\ XVHG WR HVWLPDWH WKH WHQVLRQ-EDVHG FRQGXFWRU
WHPSHUDWXUH ,W LV UHFRPPHQGHG WRXVHYDULRXV ILHOGPHDVXUHPHQWVRI WHQVLRQV DQG
157V DW ORZ OLQH FXUUHQWV WR FDOLEUDWH WKH VWDWH FKDQJH FXUYH > @ )LJ -
VKRZV WKH GDWD SDLUV RI -PLQXWH DYHUDJH WHQVLRQV RI WKH µ+HQ¶ $&65 FRQGXFWRU
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DQG157VUHFRUGHGIRUPRQWKV>@$WHDFK157WKHPLQLPXPWHQVLRQUHYHDOLQJ
WKHODUJHVWVDJDQGWKHKLJKHVWFRQGXFWRUWHPSHUDWXUHZDVXVXDOO\REVHUYHGDWDKLJK
FXUUHQW DQG XQGHU WKH ZRUVW-FDVH DPELHQW FRQGLWLRQV ZKLOH WKH PD[LPXP WHQVLRQ
FRUUHVSRQGHGWRWKHPLQLPXPOLQHFXUUHQWDSSURDFKLQJ]HURDWZKLFKWKHFRQGXFWRU
WHPSHUDWXUHPLJKWE\QHDUO\HTXDOWRWKHPHDVXUHG1577KHUHIRUHWKHGDWDSDLUVRI
WKH 157V DQG WKHLU FRUUHVSRQGLQJ PD[LPXP WHQVLRQV FDQ EH XVHG WR FDOLEUDWH WKH
VWDWHFKDQJHFXUYHZKLFKLVWKHQXVHGWRHVWLPDWHWKHDYHUDJHFRQGXFWRUWHPSHUDWXUH
IURPWKHPHDVXUHGWHQVLRQ 
 
)LJ-'DWDSDLUVRIWHQVLRQVRIWKH
+HQ
$&65FRQGXFWRUDQG157VUHFRUGHGIRUPRQWKV>@ 
2.4.1.3. '\QDPLFOLQHUDWLQJHVWLPDWLRQV 
7KH FRQFHSW RI WKH µHIIHFWLYH¶ ZLQG VSHHG LV DSSOLHG WR '/5 FDOFXODWLRQV LQ WKH
&$7- '/5 6\VWHP 7KH µHIIHFWLYH¶ ZLQG VSHHG SHUSHQGLFXODU WR D OLQH VHFWLRQ LV
GHWHUPLQHGEDVHGRQWKHDYHUDJHFRQGXFWRUWHPSHUDWXUHGHULYHGIURPWKHPHDVXUHG
FRQGXFWRUWHQVLRQE\WKHFDOLEUDWHGVWDWHFKDQJHFXUYHWKHOLQHFXUUHQWSURYLGHGE\
WKH6&$'$V\VWHPDLUWHPSHUDWXUHPHDVXUHGE\DQDLUWHPSHUDWXUHVHQVRUDQGWKH
DFWXDOVRODUUDGLDWLRQLQSXWWRWKHFRQGXFWRUUHSUHVHQWHGE\WKH157>@FRPELQHG
ZLWKWKHWKHUPDOPRGHORI WKHFRQGXFWRUV7KHH[DFWDOJRULWKPRI'/5HVWLPDWLRQV
XVHG E\ WKH &$7- '/5 6\VWHP LV QRW DYDLODEOH LQ WKH SXEOLVKHG OLWHUDWXUH ZKLFK
PD\EHGXHWRWKHFRQFHUQVDERXWLQWHOOHFWXDOSURSHUW\ULJKWV2QHSRVVLEOHIRUPIRU
WKHDOJRULWKPLVEULHIO\LQWURGXFHGDVEHORZ 
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7KH WKHUPDO EDODQFH RI WKH FRQGXFWRU UHSOLFD RI WKH 156 LV NHSW ZLWK WKH KHDW
JHQHUDWHGE\VRODUKHDWLQJ ܳ௦ RQO\DQG WKHKHDW ORVWE\FRQYHFWLRQ ܳ௖ሺܴܰܶሻ DQG
UDGLDWLRQ ܳ௥ሺܴܰܶሻ IURPWKHVXUIDFHRIFRQGXFWRUUHSOLFDHYDOXDWHGDWܴܰܶ ܳ௦ ൌ ܳ௖ሺܴܰܶሻ ൅ ܳ௥ሺܴܰܶሻ - 
)RUWKHOLQHVHFWLRQRSHUDWHGDWD OLQHFXUUHQW ܫ௟௦ WKHKHDW LVDGGLWLRQDOO\JHQHUDWHG
E\WKH-RXOHKHDWLQJDQGWKHFRQYHFWLRQDQGUDGLDWLRQKHDWORVVUDWHVDUHHVWLPDWHGDW
WKH DYHUDJH FRQGXFWRU WHPSHUDWXUH ௔ܶ௩ିு  WKDW LV LQIHUUHG IURP WKH PHDVXUHG
FRQGXFWRUWHQVLRQ ܫ௟௦ଶ  ? ሺܴ ௔ܶ௩ିுሻ ൅ ܳ௦ ൌ ܳ௖ሺ ௔ܶ௩ିுሻ ൅ ܳ௥ሺ ௔ܶ௩ିுሻ - 
,Q HTXDWLRQV - DQG - ܳ௦ DQG WKH µHIIHFWLYH¶ ZLQG VSHHG WKDW LV XVHG WR
HVWLPDWH ܳ௖ DUHXQNQRZQ7KH WHUP ܳ௦ FDQEHHOLPLQDWHGE\VXEWUDFWLQJHTXDWLRQ
- IURP HTXDWLRQ - ,Q WKLV PDQQHU WKH µHIIHFWLYH¶ ZLQG VSHHG LV WKH RQO\
XQNQRZQYDULDEOHWREHVROYHGIURPHTXDWLRQ- ܫ௟௦ଶ  ? ሺܴ ௔ܶ௩ିுሻ ൌ ܳ௖ሺ ௔ܶ௩ିுሻ ൅ ܳ௥ሺ ௔ܶ௩ିுሻ െ ܳ௖ሺܴܰܶሻ െ ܳ௥ሺܴܰܶሻ - 
7KH HVWLPDWHG µHIIHFWLYH¶ ZLQG VSHHG LV WKHQ XVHG WR FDOFXODWH WKH FRUUHVSRQGLQJ
VWHDG\-VWDWHUDWLQJ ܫ௦௦ି௟௦ IRUWKHOLQHVHFWLRQJLYHQDPD[LPXPDOORZDEOHFRQGXFWRU
WHPSHUDWXUH ௖ܶ௠௔௫ 
ܫ௦௦ି௟௦ ൌ ඨܳ௖ሺ ௖ܶ௠௔௫ሻ ൅ ܳ௥ሺ ௖ܶ௠௔௫ሻ െ ܳ௖ሺܴܰܶሻ െ ܳ௥ሺܴܰܶሻܴሺ ௖ܶ௠௔௫ሻ  - 
2.4.2. $PSDFLPRQ 
2.4.2.1. 6PDUWVHQVRU$PSDFLPRQDQGVDJGHWHUPLQDWLRQ 
&RQGXFWRUV RI DQ 2+/ YLEUDWH LQ UHVSRQVH WR ZLQG 7KH YLEUDWLRQ IUHTXHQF\
VSHFWUXPRIDVSDQLVPDGHXSRIKDUPRQLFVRILWVIXQGDPHQWDOIUHTXHQF\ZKLFKLV
GHSHQGHQWRQWKHVDJRIWKHVSDQ>@$PSDFLPRQLVDVHQVRUGLUHFWO\DWWDFKHGRQD
FRQGXFWRU )LJ - ZKLFK PRQLWRUV WKH FRQGXFWRU PRYHPHQWV DQDO\VHV WKH
FRQGXFWRUYLEUDWLRQ DQG GHWHFWV IXQGDPHQWDO IUHTXHQFLHVRI D VSDQ IURP ZKLFK WKH
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VSDQ¶VVDJ LVGHWHUPLQHG>@$FFHOHURPHWHUVEXLOW LQWRDQ$PSDFLPRQGHYLFH
DUH FDSDEOHRIGHWHFWLQJ HYHQD VOLJKWPRYHPHQWRI  ?݉ ݉ DW WKH ORZHVW IUHTXHQF\
 ?Ǥ ? ?ܪݖIRUDW\SLFDOVSDQDQGHYHQVPDOOHUPRYHPHQWVDWKLJKHUIUHTXHQFLHV7KH
PHDVXUHPHQWV RI FRQGXFWRU YLEUDWLRQ DUH SURFHVVHG WR IRUP D YLEUDWLRQ IUHTXHQF\
VSHFWUXP)LJ->@IURPZKLFKWKHIXQGDPHQWDOIUHTXHQF\LVH[WUDFWHG>@ 
 
)LJ-$PSDFLPRQVPDUWVHQVRU>@         )LJ-9LEUDWLRQIUHTXHQF\VSHFWUXP>@ 
7KH PRYHPHQWV RI RYHUKHDG FRQGXFWRUV FDQ EH UHJDUGHG DV WKH YLEUDWLRQ RI D
IL[HG-IL[HGVWULQJ$VSDQ¶VIXQGDPHQWDOIUHTXHQF\ ݂ݎݍ௢ LVGHILQHGDVDIXQFWLRQRI
WKH KRUL]RQWDO WHQVLRQ ܪ VSDQ OHQJWK ܵ௖ DQG WKH PDVV RI WKH FRQGXFWRU SHU XQLW
OHQJWK ݉ >@ 
݂ݎݍ௢ ൌ  ? ? ௖ܵ ඨ݉ܪ  - 
$FFRUGLQJWRHTXDWLRQ-UHSUHVHQWLQJWKHVDJ-WHQVLRQUHODWLRQVKLSWKHKRUL]RQWDO
WHQVLRQ ܪ LQHTXDWLRQ-FDQEHUHSODFHGE\WKHPLG-SRLQWVDJ ܦ௠ DQGWKHVSDQ
OHQJWK ܵ௖ 
݂ݎݍ௢ ൌ  ? ? ௖ܵ ඩ݉݃ܵ௖ଶ ?ܦ௠݉ ൌ  ? ?ඨ ݃ ?ܦ௠ -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ZKHUH ݃  LV WKH JUDYLWDWLRQDO DFFHOHUDWLRQ DQG ݉  ? ݃ HTXDOV WKH ZHLJKW RI WKH
FRQGXFWRU SHU XQLW OHQJWK ݓ ,W FDQ EH VHHQ IURP HTXDWLRQ - WKDW ܦ௠ LV RQO\
UHODWHGWRDVLQJOHYDULDEOHWKDWLVWKHIXQGDPHQWDOIUHTXHQF\ ݂ݎݍ௢ ܦ௠ ൌ  ? ? ? ݂݃ݎݍ௢ଶ - 
7KHUHIRUH WKH IXQGDPHQWDO IUHTXHQF\REWDLQHG IURPDQ$PSDFLPRQGHYLFHFDQEH
GLUHFWO\XVHGWRFDOFXODWHWKHVDJRIWKHLQVSHFWHGVSDQ7KHRXWVWDQGLQJDGYDQWDJHRI
$PSDFLPRQLVWKDWWKHZKROHSURFHVVRIVDJHVWLPDWLRQLVRQO\FRQFHUQHGZLWK ݂ݎݍ௢
7KH LPSDFWV RI H[WHUQDO FRQGLWLRQV VXFK DV ZHDWKHU FRQGLWLRQV OLQH FXUUHQWV ZLQG
DQGLFHORDGVHWFRQWKHVDJRIDVSDQDUHDOOUHIOHFWHGE\WKHIUHTXHQF\UHDGLQJV$Q
$PSDFLPRQ GHYLFH FDQ PHDVXUH WKH VDJ RYHU D UDQJH IURP  ? ݉ WR  ? ?݉  ZLWK DQ
DFFXUDF\WKDWLVW\SLFDOO\OHVVWKDQ  ? ?ܿ ݉ DQGPD[LPXPDW  ? ?ܿ݉ >@,QDGGLWLRQ
DQ$PSDFLPRQVHQVRUFDQEHHDVLO\LQVWDOOHGDQ\ZKHUHDORQJDVSDQZLWKRXWWKHQHHG
IRUDOLQHRXWDJHDQGVHOI-SRZHUHGIURPDQHQHUJL]HGOLQHZLWKDPLQLPXPRSHUDWLQJ
OLQH FXUUHQW RI  ? ?ܣ > @ 7KH VSHFLILFDWLRQV IRU DQ $PSDFLPRQ VHQVRU FDQ EH
IRXQGLQ>@ 
2.4.2.2. $YHUDJHFRQGXFWRUWHPSHUDWXUHDQG'/5HVWLPDWLRQ 
7KH FRQFHSW RI WKH UXOLQJ VSDQ LV XVHG E\ $PSDFLPRQ WR LQIHU DYHUDJH FRQGXFWRU
WHPSHUDWXUHDQG'/57KHVDJPHDVXUHGIRUDVSDQZLWKLQDOLQHVHFWLRQLVFRQYHUWHG
WR WKHVDJRIWKHUXOLQJVSDQE\HTXDWLRQ-7KHXQNQRZQFRQVWDQWV LQWKHVWDWH
FKDQJHHTXDWLRQ-DUHGHWHUPLQHGEDVHGRQWKHHVWLPDWHGUXOLQJVSDQVDJVDQGWKH
FRUUHVSRQGLQJDYHUDJHFRQGXFWRUWHPSHUDWXUHVIRUWKHUXOLQJVSDQWKDWDUHFDOFXODWHG
EDVHG RQ ,((( 6WG  >@ FRPELQHG ZLWK ZHDWKHU PHDVXUHPHQWV GXULQJ VHYHUDO
QLJKWV ZKHQ WKHUH DUH VWDEOH ZLQG FRQGLWLRQV ZLWKRXW VRODU UDGLDWLRQ >@ 7KH
FDOLEUDWHGVWDWHFKDQJHHTXDWLRQFDQWKHQEHXVHGWRFDOFXODWHWKHDYHUDJHFRQGXFWRU
WHPSHUDWXUHIURPWKHHVWLPDWHGVDJRIWKHUXOLQJVSDQ 
7KHDYHUDJHFRQGXFWRUWHPSHUDWXUHRIWKHUXOLQJVSDQLVDGGLWLRQDOO\HVWLPDWHGXVLQJ
WKHWKHUPDOPRGHORIWKHFRQGXFWRUV>@DQGDPELHQWFRQGLWLRQVREVHUYHGIURPZHE
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RUZHDWKHUVWDWLRQV7KHZHDWKHU-EDVHGHVWLPDWHRIDYHUDJHFRQGXFWRUWHPSHUDWXUHLV
WKHQFRQYHUWHGWRWKHVDJYDOXH7KHGHYLDWLRQIURPWKHPHDVXUHGVDJLVHOLPLQDWHG
WKURXJK DGDSWLQJ ZLQG VSHHG DQG VRODU UDGLDWLRQ WR WKHLU µHIIHFWLYH¶ YDOXHV LQ D
FRQVHUYDWLYHZD\7KDWLVLIWKHPHDVXUHGVDJLVJUHDWHUWKDQWKHZHDWKHU-EDVHGYDOXH
ZKLFKLQGLFDWHVRYHUHVWLPDWHGKHDWORVVHVRUXQGHUHVWLPDWHGKHDWJDLQVWKHµHIIHFWLYH¶
ZLQGVSHHGSHUSHQGLFXODUWRWKHOLQHVHFWLRQLVILUVWUHGXFHGDQGWKHVRODUUDGLDWLRQLV
WKHQ LQFUHDVHG ZKHQ WKH µHIIHFWLYH¶ ZLQG VSHHG KDV EHHQ UHGXFHG WR ]HUR XQWLO WKH
GLIIHUHQFH EHWZHHQ WKH PHDVXUHG VDJ DQG WKH UH-FDOFXODWHG ZHDWKHU-EDVHG YDOXH LV
ZLWKLQDSUHGHILQHGWROHUDQFH LQ WKHFDVHRIWKHVDJPHDVXUHPHQWEHLQJORZHUWKDQ
WKHZHDWKHU-EDVHGHVWLPDWH WKHVRODU UDGLDWLRQ LV ILUVWGHFUHDVHGDQG WKH µHIIHFWLYH¶
ZLQGVSHHGLVWKHQLQFUHDVHGZKHQVRODUUDGLDWLRQKDVUHGXFHGWR]HUR7KHµHIIHFWLYH¶
ZLQGVSHHGHVWLPDWHGLQWKLVPDQQHULVFRQVHUYDWLYH7KHHIIHFWLYHZHDWKHUYDULDEOHV
DUHWKHQXVHGWRGHWHUPLQHWKH'/5WKDWOHDGVWRWKHORZHUYDOXHIURPWKHPD[LPXP
DOORZDEOHFRQGXFWRUWHPSHUDWXUHRUWKHPD[LPXPFRQGXFWRUWHPSHUDWXUHOLPLWHGE\
WKHPD[LPXPDOORZDEOHVSDQVDJEDVHGRQWKHWKHUPDOPRGHORIWKHFRQGXFWRUV>@ 
7KHVWDWLFOLQHUDWLQJ6/5ZLOOEHDGRSWHGDVWKHOLQHUDWLQJXQGHUFRQGLWLRQVZKHUH
WKHOLQHFXUUHQWLVWRRORZWRVXSSRUWRSHUDWLRQRIWKH$PSDFLPRQVHQVRURUWKHOLQH
FXUUHQWGDWDDQGZHDWKHUGDWDDUHPLVVLQJ>@ 
2.5. :HDWKHU-EDVHG'/57HFKQLTXHV 
2.5.1. 7KHUPDO5DWH6\VWHP 
$ 7KHUPDO5DWH V\VWHP HVWLPDWHV UHDO-WLPH UDWLQJV RI DQ 2+/ E\ SODFLQJ WKH
7KHUPDO5DWH VHQVRUV DW D QXPEHU RI FULWLFDO VSDQV ZKLFK PRGHO WKH LQIOXHQFHV RI
ZHDWKHUFRQGLWLRQVRQWKHLQVSHFWHGVSDQV7KH7KHUPDO5DWHVHQVRU)LJ->@
FRQVLVWV RI WZR FRQGXFWRU UHSOLFDV HDFK KDYLQJ WKH VDPH PDWHULDO GLDPHWHU
DEVRUSWLYLW\ DQG HPLVVLYLW\ DV WKH DFWXDO RYHUKHDG FRQGXFWRU 2QH UHSOLFD KDV DQ
LQWHUQDOUHVLVWLYHKHDWHUDWDFRQVWDQWZDWWDJHZKLOHWKHRWKHURQHLVQRWKHDWHG7KH
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WZR FRQGXFWRU UHSOLFDV DUH RI WKH VDPH OHQJWK ZKLFK LV VXIILFLHQWO\ ORQJ DV  ?݂ ݐ
 ? ?Ǥ ? ?ܿ݉LQRUGHUWRPLQLPL]HWKHLQIOXHQFHVRIWKHUPDOERXQGDU\ORVVHV>@ 
   
)LJ-$7KHUPDO5DWHVHQVRU>@ 
7KH7KHUPDO5DWHVHQVRULVLQVWDOOHGLQWKHYLFLQLW\RIWKHPRQLWRUHGVSDQDQGPD\EH
PRXQWHGRQDPDVWRQDQH[LVWLQJWUDQVPLVVLRQWRZHURURQDVHSDUDWHSROHDVVKRZQ
LQ)LJ-7KHVHQVRU LVSODFHGDW WKHDYHUDJHFRQGXFWRUKHLJKWDQG LQ WKHVDPH
RULHQWDWLRQRIWKHVSDQLQRUGHUWRH[SHULHQFHWKHVDPHZHDWKHUFRQGLWLRQVDVWKHVSDQ
>@$WKHUPRFRXSOHHPEHGGHGDWWKHORQJLWXGLQDOFHQWUHRIHDFKUHSOLFDFDQWHOOWKH
GLIIHUHQFH LQ WHPSHUDWXUH EHWZHHQ WZR UHSOLFDV IURP ZKLFK WKH µHIIHFWLYH¶ ZLQG
VSHHGSHUSHQGLFXODUWRWKHOLQHFRQGXFWRUVLVGHWHUPLQHGEDVHGRQ,(((6WG>@
FRPELQHG ZLWK DLU WHPSHUDWXUH IURP D 7KHUPDO5DWH DPELHQW WKHUPRPHWHU 7KH
HVWLPDWHGµHIIHFWLYH¶ZLQGVSHHGLVWKHQXVHGWRFDOFXODWHWKHUDWLQJRIWKHPRQLWRUHG
VSDQ > @ 7KH DOJRULWKPV XVHG E\ WKH 7KHUPDO5DWH 6\VWHP PD\ EH VLPLODU WR
HTXDWLRQV---H[FHSWIRUVXEVWLWXWLQJWKHFRQVWDQWKHDWLQJSRZHUIRUWKH
-RXOHKHDWLQJ LQHTXDWLRQV-DQG-7KHPLQLPXPYDOXHRI WKHFDOFXODWHG
UHDO-WLPHUDWLQJVDWFULWLFDOVSDQVLVDSSOLHGWRWKHHQWLUH2+/ 
7KHLQVWDOODWLRQRID7KHUPDO5DWHVHQVRUGRHVQRWQHHGDVFKHGXOHGOLQHRXWDJHVLQFH
LWGRHVQRWFRQWDFWZLWKOLQHFRQGXFWRUV>@$7KHUPDO5DWH6\VWHPWKDWFRQVXPHV ? ?ܹ െ  ? ?ܹ  LVVXSSOLHGE\DVRODUSDQHOFRPELQHGZLWKDUHFKDUJHDEOHEDWWHU\>
@ $Q RXWVWDQGLQJ DGYDQWDJH RI D 7KHUPDO5DWH 6\VWHP LV WKDW WKH HVWLPDWLRQ RI
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µHIIHFWLYH¶ZLQGVSHHGDQGWKXV'/5LVLQGHSHQGHQWRIWKHOLQHFXUUHQWGDWDIURPWKH
6&$'$ V\VWHP )RU WKH 3RZHU 'RQXW 3' &$7- '\QDPLF /LQH 5DWLQJ 6\VWHP
DQG$PSDFLPRQWKHµHIIHFWLYH¶ZLQGVSHHGPD\RQO\EHDFFXUDWHO\GHWHUPLQHGLQWKH
FDVHVRIWKHPHDVXUHGDYHUDJHFRQGXFWRUWHPSHUDWXUHEHLQJVHYHUDOGHJUHHV&HOVLXV
KLJKHUWKDQDLUWHPSHUDWXUHZKLFKJHQHUDOO\UHTXLUHVWKDWWKHOLQHFXUUHQWUHDFKHVD
VXIILFLHQWO\ KLJK OHYHO LH JUHDWHU WKDQ  ? ? ?െ  ? ? ? RI LWV 6/5 RU  ?Ǥ ?ܣȀ݇ܿ݉݅݈
 ?Ǥ ? ? ?Ȁ݉݉ଶ>@+RZHYHUWKHUHTXLUHGOHYHORIOLQHFXUUHQWLVQRWRIWHQUHDFKHG
HVSHFLDOO\IRUN9WRN9OLQHV>@DQGWKHHVWLPDWHVRIµHIIHFWLYH¶ZLQGVSHHGV
PD\ EH OHVV DFFXUDWH 7KH 7KHUPDO5DWH 6\VWHP KDV WKH FDSDELOLW\ RI VHWWOLQJ WKH
SUREOHPRIOLJKWO\ORDGHGOLQHVDVWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHKHDWHGDQG
QRQ-KHDWHGFRQGXFWRUUHSOLFDVLVODUJHHQRXJKWRHVWLPDWHWKHµHIIHFWLYH¶ZLQGVSHHG
)RUOLJKWO\ORDGHGOLQHVWKDWDUHPRQLWRUHGE\WKH3'&$7-RU$PSDFLPRQGHYLFHV
QRUPDO6/5VFDQEHDGRSWHGDVWKHLUWKHUPDOOLPLWVZKLFKVWLOOSURYLGHFRQVLGHUDEOH
DGGLWLRQDOKHDGURRPIRUSRZHUWUDQVIHU 
2.5.2. :HDWKHU-EDVHG'/5PRGHOV 
$ZHDWKHU-EDVHG'/5PRGHOGHWHUPLQHVUHDO-WLPHUDWLQJVRIFRQGXFWRUVE\GLUHFWO\
XVLQJ DPELHQW FRQGLWLRQV PHDVXUHG DW ZHDWKHU VWDWLRQV FRPELQHG ZLWK FRQGXFWRU
SDUDPHWHUV DV WKH LQSXWV RI WKH WKHUPDO PRGHO RI RYHUKHDG FRQGXFWRUV > @ 7KH
FRQGXFWRU WHPSHUDWXUH FDQ DOVR EH FDOFXODWHG LI WKH OLQH FXUUHQW LV SURYLGHG 7R
LQVSHFW UDWLQJV IRU DQ HQWLUH 2+/ D VXIILFLHQW QXPEHU RI ZHDWKHU VWDWLRQV DUH
LQVWDOOHGDORQJWKHOLQHPHDVXULQJWKHORFDOZHDWKHUFRQGLWLRQVZKLFKDUHWKHQXVHG
WR HVWLPDWH DPELHQW FRQGLWLRQV IRU HDFK VSDQ WKURXJK VXLWDEOH VSDWLDO LQWHUSRODWLRQ
PHWKRGV7KHUDWLQJDW HDFKVSDQ LVGHWHUPLQHG IURPWKH LQIHUUHGZHDWKHUGDWDDQG
WKHPLQLPXPYDOXHRIUDWLQJVDPRQJDOOVSDQVLVDSSOLHGWRWKHZKROH2+/>@ 
7KHZHDWKHU-EDVHG'/5PRGHOVXVXDOO\ VXIIHU IURP LQDFFXUDF\RIZLQG VSHHGDQG
ZLQG GLUHFWLRQ PHDVXUHPHQWV HVSHFLDOO\ DW ORZ ZLQG VSHHGV ,Q DGGLWLRQ ZHDWKHU
FRQGLWLRQVHVSHFLDOO\ZLQGVSHHGVDQGGLUHFWLRQVDUHODUJHO\DIIHFWHGE\ORFDOHIIHFWV
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DQGPD\VLJQLILFDQWO\YDU\IURPVSDQWRVSDQRUHYHQDORQJDVLQJOHVSDQ7KRXJKD
ZHDWKHU VWDWLRQ LV LQVWDOOHG LQ FORVH SUR[LPLW\ WR WKH OLQH FRQGXFWRUV WKHUH LV D
GLIIHUHQFH LQ ZLQG FRROLQJ HIIHFWV EHWZHHQ WKH PHDVXUHG ZLQG YDULDEOHV DQG WKH
DYHUDJHZLQGFRQGLWLRQV H[SHULHQFHGE\ WKH VSDQ7KH UDWLQJVRI DN92+/ LQ
)UDQFH FDOFXODWHG E\ WKH ZHDWKHU-EDVHG PRGHO DQG WKH $PSDFLPRQ 6\VWHP ZHUH
FRPSDUHGLQ>@7KH'/5HVWLPDWLRQVE\XVLQJPHDVXUHPHQWVRIZLQGVSHHGDQG
ZLQGGLUHFWLRQZHUHVKRZQWRKDYHDQHUURURQDYHUDJHHTXDOWRDURXQGRIWKH
HVWLPDWLRQVE\WKH$PSDFLPRQZKLFKXVHGWKHGHGXFHGµHIIHFWLYH¶ZLQGVSHHG>@
+RZHYHUWKHXQVDWLVIDFWRU\SHUIRUPDQFHRIWKHZHDWKHU-EDVHG'/5PRGHOIRXQGLQ
>@ PD\ EH WR VRPH H[WHQW GXH WR IDFW WKDW ZHDWKHU PHDVXUHPHQWV ZHUH IURP D
ZHDWKHUVWDWLRQWKDWZDVWRRIDUDIHZNLORPHWUHVDZD\IURPWKHPRQLWRUHGOLQH 
,QVWDOOLQJ PRUH ZHDWKHU VWDWLRQV DORQJ 2+/V ZLWKLQ D QHWZRUN UHTXLUHV D KLJKHU
LQYHVWPHQWFRVWEXWPD\UHVXOWLQPRUHSUHFLVHLQWHUSRODWLRQVRIZHDWKHUGDWDZKLFK
ZLOO EH EHQHILFLDO WR SURYLGH '/5 HVWLPDWLRQV RI D KLJKHU UHOLDELOLW\ WR RSHUDWRUV
7KHUHIRUH WKHUH LV D WUDGH-RII EHWZHHQ WKH LQWHUSRODWLRQ DFFXUDF\ RI ZHDWKHU
FRQGLWLRQV DQG WKH LQYHVWPHQW LQ ZHDWKHU VWDWLRQV 7KH UHVHDUFK DW 'XUKDP
8QLYHUVLW\ UHFRPPHQGHG WKDW WKH GLVWDQFH EHWZHHQ WZR DGMDFHQW ZHDWKHU VWDWLRQV
VKRXOG QRW H[FHHG  ? ?݇ ݉ >@ )RU WKH '/5 SURMHFW LQ 1RUWK :DOHV VL[ ZHDWKHU
VWDWLRQVKDYHEHHQ LQVWDOOHGDW HDFKRI WKHN9VXEVWDWLRQVDVVKRZQLQ)LJ-
WDNLQJDFFRXQWRIWKHEHQHILWVRIVHFXUHVRXUFHRIHOHFWULFDOSRZHUWKDWVXSSRUWVWKH
RSHUDWLRQ RI ZHDWKHU VWDWLRQV UHOLDEOH SULYDWH-ZLUHG WHOHFRPPXQLFDWLRQV QHWZRUNV
HWF2WKHUZHDWKHUVWDWLRQVZHUHFRQVLGHUHGWREHLQVWDOOHGLQWKHDUHDVEHWZHHQWZR
DGMDFHQWN9VXEVWDWLRQVZKLFKDUHJUHDWHU WKDQ  ? ?݇ ݉ DSDUW)RXUWRZHUVDORQJ
WKH N9 FLUFXLWV ZHUH GHWHUPLQHG DV WKH ORFDWLRQV RI ZHDWKHU VWDWLRQV VLQFH WKH
DOWHUQDWLYH N9 VXEVWDWLRQV ZHUH VKHOWHUHG IURP ZLQG GXH WR WKH ORFDO JHRJUDSK\
DQGGLGQRWKDYHSULYDWH-ZLUHGWHOHFRPPXQLFDWLRQVQHWZRUNV>@7KHWRZHU-EDVHG
ZHDWKHU VWDWLRQ ORFDWHG EHWZHHQ N9 VXEVWDWLRQV % DQG % )LJ - GLG QRW
ZRUNDQGZHDWKHUPHDVXUHPHQWVZHUHRQO\DYDLODEOHIURPWKHRWKHUQLQHVWDWLRQV 
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'XHWRWKHUDQGRPFKDUDFWHURILQVWDQWDQHRXVZHDWKHUGDWDXVLQJDYHUDJHYDOXHVRI
ZHDWKHUFRQGLWLRQVJHQHUDOO\JLYHVPRUHDFFXUDWHHVWLPDWHVRIUDWLQJVDQGFRQGXFWRU
WHPSHUDWXUHV>@7KHGXUDWLRQWKDWDFRQGXFWRUFDQEHRSHUDWHGDWWKHOHYHORIWKH
FDOFXODWHGVWHDG\-VWDWHUDWLQJLVJHQHUDOO\GHWHUPLQHGE\WKH IUHTXHQF\DWZKLFKWKH
UDWLQJ LV XSGDWHG )RU H[DPSOH WKH FRQGXFWRU¶V DPSDFLW\ ZRXOG EH DVVXPHG WR EH
NHSW DW WKH KRXUO\ XSGDWHG VWHDG\-VWDWH UDWLQJ RYHU WKH SUHVHQW RU IXWXUH RQH KRXU
+RZHYHUWKHXVHRIZHDWKHUGDWDDYHUDJHGRYHUDUHODWLYHO\ORQJHULQWHUYDOHJRQH
KRXUPD\OHDGWRDULVNRIWKHFRQGXFWRU¶VWKHUPDORYHUORDGLQJGXHWRWKHVKRUW-WHUP
YDULDELOLW\RIZHDWKHUFRQGLWLRQVHVSHFLDOO\ZLQGVSHHG>@,WLVUHFRPPHQGHGWKDW
DQ XSGDWH LQWHUYDO RI  PLQXWHV LV SUHIHUUHG WR IXOILO WKH UHTXLUHPHQW RI UDWLQJ
FDOFXODWLRQIRUPRVWFDVHV>@,QWKLVUHVHDUFK-PLQXWHDYHUDJHZHDWKHUGDWD
DUHXVHGWRFDOFXODWHUDWLQJIRUHFDVWV 
,WPD\EHPRUHYDOXDEOHWRLQVWDOOZHDWKHUVWDWLRQVLQFORVHSUR[LPLW\WRFULWLFDOVSDQV
ZKLFKDUHWKRVHOLNHO\WREHVKHOWHUHGIURPZLQGRUH[SRVHGWRGLUHFWVXQOLJKWDORQJ
WKHPRQLWRUHG2+/VZLWKLQDQHWZRUNVLQFHWKHUDWLQJRIDQ2+/LV OLPLWHGE\WKH
PLQLPXP YDOXH RI UDWLQJV RI DOO VSDQV ZKLFK RIWHQ RFFXUV DW WKH FULWLFDO VSDQ
)XUWKHUPRUH ZHDWKHU FRQGLWLRQV PHDVXUHG IRU FULWLFDO VSDQV JHQHUDOO\ KDYH
FRQVHUYDWLYH FRROLQJHIIHFWVRUKLJKVRODU UDGLDWLRQVRQFRQGXFWRUV7KH UDWLQJV IRU
RWKHU VSDQV GHGXFHG IURP LQWHUSRODWLRQV RI WKH FRQVHUYDWLYH ZHDWKHU GDWD DQG WKXV
WKHUDWLQJIRUWKHHQWLUH2+/DUHFRQVHUYDWLYH 
2.6. '/5(VWLPDWLRQ(UURUVGXHWR0HDVXUHPHQW$FFXUDFLHV 
$VZDVQRWHGDERYHD'/5PRQLWRULQJWHFKQLTXHJHQHUDOO\GHWHUPLQHVVWHDG\-VWDWH
UDWLQJVRIDVSDQEDVHGRQDQHIIHFWLYHZLQGVSHHGSHUSHQGLFXODUWRWKHVSDQWKDWLV
LQIHUUHGIURPWKHPHDVXUHGOLQHFXUUHQWDLUWHPSHUDWXUHDQGVRODUUDGLDWLRQFRPELQHG
ZLWKWKHFRQGXFWRUWHPSHUDWXUHREWDLQHGIURPZKDWWKHPRQLWRULQJGHYLFHPHDVXUHV
WKURXJKDWKHUPDOPRGHORIWKHFRQGXFWRUV7KLVDSSURDFKFDQPLWLJDWHWKHGLIIHUHQFH
EHWZHHQWKHZLQGFRQGLWLRQVUHFRUGHGDWDPHWHRURORJLFDOVWDWLRQDQGWKRVHDFWXDOO\
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H[SHULHQFHGE\WKHFRQGXFWRU>@+RZHYHUWKHPHDVXULQJHUURUVRIWKHVHYDULDEOHV
HJFRQGXFWRUWHPSHUDWXUHDQGVRODUUDGLDWLRQPD\GHJUDGHWKHDFFXUDF\RIHIIHFWLYH
SHUSHQGLFXODUZLQGVSHHG(3:6HVWLPDWHVOHDGLQJWRDQHUURULQ'/5HVWLPDWLRQ
7KLV VHFWLRQ ZLOO LQYHVWLJDWH WKH HIIHFWV RI PHDVXULQJ HUURUV RI OLQH FXUUHQW VRODU
UDGLDWLRQ ݏ௥ DQGFRQGXFWRUWHPSHUDWXUH ௖ܶ RQWKHSHUIRUPDQFHRIWKH(3:6-EDVHG
DSSURDFKWR'/5HVWLPDWLRQ 
%DVHGRQDQDVVXPSWLRQ WKDW WKH FRQGXFWRU LV LQ WKHUPDO HTXLOLEULXP OLQH FXUUHQWV
SDVVLQJWKURXJKDQ$&65µ'UDNH¶FRQGXFWRUDUHFDOFXODWHGE\WKHWKHUPDOPRGHORI
WKHFRQGXFWRUV>@EDVHGRQDQDLUWHPSHUDWXUH ௔ܶ RI  ? ?Ԩ DQGDQ(3:6RI  ?݉ ݏ ? 
WKDWDUHFRPELQHGZLWKGLIIHUHQWYDOXHVRI ௖ܶ UDQJLQJ IURP  ? ?Ԩ WR  ? ?Ԩ DQG ݏ௥
HTXDO WR  ? ?ܹ ݉ଶ ?   ? ? ?ܹ ݉ଶ ?  DQG  ? ? ? ?ܹ ଶ݉ ?  UHVSHFWLYHO\ 7KH WHFKQLFDO
SDUDPHWHUVGHVFULELQJFKDUDFWHULVWLFVRIWKHµ'UDNH¶FRQGXFWRUDUHOLVWHGLQ7DEOH-
>@7KHFDOFXODWHGOLQHFXUUHQWVDVVKRZQLQ)LJ-DUHDVVXPHGWREHWKHµDFWXDO¶
YDOXHVZKLFKDUHWREHPHDVXUHGE\DPRQLWRULQJGHYLFHHJ3'ZLWKDQDFFXUDF\
RIDURXQG േ ?Ǥ ?RIUHDGLQJ>@ 
7DEOH-7HFKQLFDOSDUDPHWHUVRI$&65µ'UDNH¶FRQGXFWRU>@ 
&RQGXFWRU&KDUDFWHULVWLFV $&65µ'UDNH¶ 
&RQGXFWRUGLDPHWHU݉݉  
(PLVVLYLW\-  
6RODUDEVRUSWLYLW\-  
/RZFRQGXFWRUWHPSHUDWXUHIRUZKLFKDFUHVLVWDQFHLVVSHFLILHGԨ  
+LJKFRQGXFWRUWHPSHUDWXUHIRUZKLFKDFUHVLVWDQFHLVVSHFLILHGԨ  
&RQGXFWRUDFUHVLVWDQFHDWORZFRQGXFWRUWHPSHUDWXUHߗ ݇݉ ?   
&RQGXFWRUDFUHVLVWDQFHDWKLJKFRQGXFWRUWHPSHUDWXUHߗ ݇݉ ?   
&RQGXFWRUHOHYDWLRQDERYHVHDOHYHO݉  
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)LJ-/LQHFXUUHQWVFDOFXODWHGIRUWKH'UDNHFRQGXFWRUWKDWKDV ௖ܶ UDQJLQJIURP  ? ?Ԩ WR  ? ?Ԩ
EDVHGRQDQ(3:6RI  ?݉ ݏ ?  DQG ௔ܶ RI  ? ?Ԩ XQGHUGLIIHUHQWYDOXHVRI ݏ௥  
%DVHGRQWKHWKHUPDOPRGHORIWKHFRQGXFWRUV>@FRPELQHGZLWKDQ(3:6RI  ?݉ ݏ ? 
DQG ௔ܶ RI  ? ?Ԩ VWHDG\-VWDWH UDWLQJV RI WKH 'UDNH FRQGXFWRU DW ௖ܶ௠௔௫ ൌ  ? ?Ԩ DUH
HVWLPDWHG WR EH  ? ? ? ?Ǥ ܣ  ? ? ? ?Ǥ ܣ DQG  ? ? ? ?Ǥ ܣ IRU ݏ௥  HTXDO WR  ? ? ? ? ܹ ଶ݉ ?  ? ? ?ܹ ݉ଶ ?  DQG  ? ?ܹ ݉ଶ ?  UHVSHFWLYHO\ :KHQ WKH PD[LPXP HUURU RI OLQH FXUUHQW
PHDVXUHPHQWVLH േ ?Ǥ ?RIUHDGLQJVDUHFRQVLGHUHGRQO\WKHVWHDG\-VWDWH'/5RI
WKH 'UDNH FRQGXFWRU DW ௖ܶ௠௔௫ ൌ  ? ?Ԩ LV HVWLPDWHG IURP WKH (3:6 ZKLFK LV
FDOFXODWHGE\WKHWKHUPDOPRGHORIWKHFRQGXFWRUV>@EDVHGRQ  ? ? ?Ǥ ? ? RU  ? ?Ǥ ? ?
RI WKH µDFWXDO¶ OLQH FXUUHQW IRU HDFK VFHQDULR 7KH SHUFHQWDJH HUURUV RI VWHDG\-VWDWH
'/5VGXHWRWKHPHDVXULQJHUURUVRIOLQHFXUUHQWVRQO\XQGHUGLIIHUHQWYDOXHVRI ݏ௥
DUHVKRZQLQ)LJ-7KH േ ?Ǥ ?PHDVXULQJHUURUVRIOLQHFXUUHQWVOHDGWRVLPLODU
SHUFHQWDJH HUURUV RI '/5V DW D KLJK ௖ܶ ZKLFK FRUUHVSRQGV WR D KLJK OLQH FXUUHQW
:KHQ ௖ܶ LV DW D ORZ OHYHO ZKLFK PHDQV D ORZ OLQH FXUUHQW SHUFHQWDJH HUURUV RI
'/5V GXH WR WKH PHDVXULQJ HUURUV RI OLQH FXUUHQWV DUH UHGXFHG HVSHFLDOO\ LQ WKH
VFHQDULRVRIKLJK ݏ௥7KLVLVEHFDXVHLQWKHVHVFHQDULRVDQLQFUHDVHGSURSRUWLRQRIݏ௥ LQ WKH WRWDOKHDWJDLQUDWHFRQVWUDLQV WKH LPSDFWVRI WKHPHDVXULQJHUURUVRI OLQH
FXUUHQWVRQWKH(3:6HVWLPDWLRQ 
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)LJ - 3HUFHQWDJH HUURUV RI VWHDG\-VWDWH '/5V RI WKH 'UDNH FRQGXFWRU HVWLPDWHG E\ WKH (3:6
EDVHGPHWKRGGXHWRWKHPHDVXULQJHUURUVRIOLQHFXUUHQWVRQO\XQGHUGLIIHUHQWYDOXHVRI ݏ௥  
7KH ௖ܶ-EDVHGPRQLWRULQJGHYLFHVHJ27/0XVXDOO\KDYHPHDVXULQJHUURUVRI ௖ܶ
GHQRWHG E\  ? ௖ܶ HTXDO WR DURXQG േ ?Ԩ 2WKHU '/5 PRQLWRULQJ WHFKQLTXHV HJ
$PSDFLPRQ DQG &$7- JHQHUDOO\ LQIHU ௖ܶ IURP PHDVXUHPHQWV RI VDJ RU WHQVLRQ
XVLQJ D FDOLEUDWHG VWDWH FKDQJH HTXDWLRQ RU FXUYH &,*5( 7HFKQLFDO %URFKXUH 
>@UHFRPPHQGHGWKDWWKHFOHDUDQFHRUVDJRIDVSDQLHWKHIXQGDPHQWDOGDWDWREH
FKHFNHGE\D V\VWHPRSHUDWRU VKRXOGEHPHDVXUHGRUGHWHUPLQHGZLWKDPLQLPXP
DFFXUDF\RI േ ? ?ܿ݉7KLVPD\ UHSUHVHQWDYDULDWLRQRIDURXQG േ ?Ԩ LQ ௖ܶ DW ORZ
FRQGXFWRUWHPSHUDWXUHVHJEHORZ  ? ?ԨEDVHGRQDWKRUGHUSRO\QRPLDOHTXDWLRQ
UHODWLQJVDJWR ௖ܶ ZKLFKLVGHULYHGIRUD  ? ? ?݉  UXOLQJVSDQ>@6LQFHWKH&$7-
$PSDFLPRQDQGVRPHVDJ-EDVHGPRQLWRULQJWHFKQLTXHVPHHWWKHPLQLPXPUHTXLUHG
DFFXUDF\RI േ ? ?ܿ݉WKHPD[LPXPPHDVXULQJHUURUVRI േ ?Ԩ IRU ௖ܶ DUHXVHGKHUH
WRDQDO\VHWKHLPSDFWVRI േ ? ?ܿ݉ RIHUURUVLQVDJPHDVXUHPHQWVRQWKHSHUIRUPDQFH
RI WKH (3:6-EDVHG DSSURDFK )LJV - DQG - FRPSDUH SHUFHQWDJH HUURUV RI
VWHDG\-VWDWH UDWLQJV RI WKH 'UDNH FRQGXFWRU GXH WR  ? ௖ܶ HTXDO WR േ ?Ԩ DQG േ ?Ԩ
UHVSHFWLYHO\XQGHUGLIIHUHQWYDOXHVRI ݏ௥ 
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)LJ - 3HUFHQWDJH HUURUV RI VWHDG\-VWDWH '/5V RI WKH 'UDNH FRQGXFWRU HVWLPDWHG E\ WKH (3:6
EDVHGDSSURDFKGXHWRPHDVXULQJHUURUVRI ௖ܶ HTXDOWR േ ?Ԩ RQO\XQGHUGLIIHUHQWYDOXHVRI ݏ௥  
 
)LJ - 3HUFHQWDJH HUURUV RI VWHDG\-VWDWH '/5V RI WKH 'UDNH FRQGXFWRU HVWLPDWHG E\ WKH (3:6
EDVHGDSSURDFKGXHWRPHDVXULQJHUURUVRI ௖ܶ HTXDOWR േ ?Ԩ RQO\XQGHUGLIIHUHQWYDOXHVRI ݏ௥  
:KHQ FDOFXODWLQJ WKH (3:6 IURP WKH PHDVXUHG ௖ܶ  ? ௖ܶ HTXDO WR െ ?Ԩ RU െ ?Ԩ
ZLOO XQGHUHVWLPDWH WKH DULVH RI ௖ܶ DERYH ௔ܶ OHDGLQJ WR DQ XQGHUHVWLPDWLRQ LQ WKH
UDGLDWLRQKHDWORVVUDWHܳ௥7KHQWKHXQGHUHVWLPDWHGWHPSHUDWXUHGLIIHUHQFHሺ ௖ܶ െ ௔ܶሻ
DQG ܳ௥ SURGXFH DQ RYHUHVWLPDWHG (3:6 +RZHYHU WKH RYHUHVWLPDWLRQ LQ (3:6
ZLOO EH PLWLJDWHG E\ DQ XQGHUHVWLPDWHG -RXOH KHDW JDLQ UDWH GXH WR D QHJDWLYH  ? ௖ܶ
XQGHUHVWLPDWLQJWKHDFFRQGXFWRUUHVLVWDQFH6LQFH ݏ௥ LVLQGHSHQGHQWRI ௖ܶDODUJH
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SURSRUWLRQRI ݏ௥ LQWRWDOKHDWJDLQUDWHHJZKHQOLQHFXUUHQWLVORZDQG ݏ௥ HTXDOV ? ? ? ?ܹ ݉ଶ ?  ZLOO UHGXFH WKH PLWLJDWLRQ LQ DQ RYHUHVWLPDWHG (3:6 E\ WKH
XQGHUHVWLPDWHGDFUHVLVWDQFH7KHUHIRUHSHUFHQWDJHHUURUVRI'/5VGXHWR  ? ௖ܶ RQO\
HYDOXDWHGDWORZFXUUHQWOHYHOVRU ݏ௥ ൌ  ? ? ? ?ܹ ݉ଶ ?  DUHKLJKHUWKDQWKRVHHVWLPDWHG
DWKLJKFXUUHQWOHYHOVRUORZHU ݏ௥DVVKRZQLQ)LJV-DQG- 
:KHQRSHUDWLQJWKHFRQGXFWRUDW ௖ܶ FORVHWR ௖ܶ௠௔௫ HJDERYH  ? ?Ԩ LQWKLVFDVH
WKH(3:6-EDVHGDSSURDFKLVVKRZQWRSURGXFHDVWHDG\-VWDWH'/5ZLWKDQDFFXUDF\
RIDERXW േ ?RU േ ?JLYHQWKDWWKH'/5PRQLWRULQJWHFKQLTXHVKDYH  ? ௖ܶ HTXDO
WR േ ?Ԩ HJ 27/0 RU േ ?Ԩ HJ $PSDFLPRQ UHVSHFWLYHO\ :KHQ ௖ܶ LV ORZ
HJ  ? ?Ԩ LQWKLVFDVHWKHHUURURIWKH(3:6-EDVHG'/5LQFUHDVHVWRDURXQG േ ?
IRU  ? ௖ܶ ൌ േ ?Ԩ െ ? ?IRU  ? ௖ܶ ൌ ൅ ?Ԩ DQG ൅ ? ? ? IRU  ? ௖ܶ ൌ െ ?Ԩ ,W LVQRWHG
WKDWDQHJDWLYH  ? ௖ܶ DW ORZ ௖ܶ LV VKRZQWRFDXVHDQRYHUHVWLPDWLRQ LQ'/5WKDW LV
KLJKHULQPDJQLWXGHWKDQDQXQGHUHVWLPDWLRQLQ'/5GXHWRDSRVLWLYH  ? ௖ܶ 
*LYHQWKDW ݏ௥ LVPHDVXUHGZLWKDQDFFXUDF\RI േ ?>@SHUFHQWDJHHUURUVRIWKH
(3:6-EDVHGVWHDG\-VWDWH'/5VRIWKH'UDNHFRQGXFWRUHYDOXDWHGDW ௖ܶ௠௔௫ ൌ  ? ?Ԩ
GXHWRWKHPHDVXULQJHUURURI ݏ௥ RQO\LQGLIIHUHQWVFHQDULRVDUHVKRZQLQ)LJ-
:KHQ GLUHFWO\ FDOFXODWLQJ '/5V IURP ZHDWKHU REVHUYDWLRQV SRVLWLYH HUURUV RI ݏ௥
PHDVXUHPHQWVZRXOGXQGHUHVWLPDWH'/5V+RZHYHU)LJ-VKRZVWKDWDSRVLWLYH
PHDVXULQJHUURURI ݏ௥ FDXVH DQRYHUHVWLPDWLRQ LQ WKH(3:6-EDVHG'/5 DQGYLFH
YHUVD7KLV LVEHFDXVH WKH(3:6-EDVHGDSSURDFKRYHUHVWLPDWHV WKH OHYHO RI(3:6
JLYHQDSRVLWLYHHUURURI ݏ௥:KHQWKHGLIIHUHQFHEHWZHHQFRQGXFWRUWHPSHUDWXUHDQG௔ܶ LQFUHDVHIURP ሺ ௖ܶ െ ௔ܶሻ WR ሺ ௖ܶ௠௔௫ െ ௔ܶሻWKHRYHUHVWLPDWLRQLQFRQYHFWLRQKHDW
ORVVUDWHHYDOXDWHGDW ௖ܶ௠௔௫ H[FHHGVWKHRYHUHVWLPDWLRQLQ ݏ௥OHDGLQJWRDSRVLWLYH
HUURURIWKH(3:6-EDVHG'/5 
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)LJ - 3HUFHQWDJH HUURUV RI VWHDG\-VWDWH '/5V RI WKH 'UDNH FRQGXFWRU HVWLPDWHG E\ WKH (3:6
EDVHGPHWKRGGXHWR ݏ௥  PHDVXULQJHUURUVRI േ ?RQO\XQGHUGLIIHUHQWYDOXHVRI ݏ௥  
7KH DERYH DQDO\VLV VKRZV WKDW WKH DFFXUDF\ RI VWHDG\-VWDWH '/5V HVWLPDWHG E\ DQ
(3:6-EDVHGDSSURDFKLVYHU\VHQVLWLYHWRWKHHUURUVRIWKHPHDVXUHGRULQIHUUHG ௖ܶ
HVSHFLDOO\ZKHQ WKH FRQGXFWRU LV RSHUDWLQJ DW ORZ ௖ܶ7KHUHIRUH LW LV QHFHVVDU\ WR
PDLQWDLQDUHDVRQDEOHVDIHW\PDUJLQUHODWLYHWRWKH(3:6-EDVHG'/5 
2.7. &RQFOXVLRQV 
7KLVFKDSWHUKDVJLYHQDKLJK OHYHOH[SODQDWLRQDQGGHVFULSWLRQRI WKH WKHRULHVDQG
G\QDPLF OLQH UDWLQJ '/5 WHFKQLTXHV PRVW RI ZKLFK KDYH WKH FDSDELOLW\ RI
HVWLPDWLQJUHDO-WLPHUDWLQJVRIWKHLQVSHFWHGVSDQRUOLQHVHFWLRQWKURXJKPRQLWRULQJ
RULQIHUHQFHRIWKHVWDWHRIRYHUKHDGFRQGXFWRUV 
&RQGXFWRUWHPSHUDWXUH-EDVHG'/5WHFKQLTXHVVXFKDV2YHUKHDG7UDQVPLVVLRQ/LQH
0RQLWRULQJ27/0DQG3RZHU'RQXWFDQPHDVXUHWKHFRQGXFWRUWHPSHUDWXUHDWWKH
IL[HG SRLQW E\ D WHPSHUDWXUH VHQVRU ,Q DGGLWLRQ WR FRQGXFWRU WHPSHUDWXUH WKHVH
PRQLWRULQJ GHYLFHV KDYH EHHQ GHYHORSHG WR FDSWXUH RWKHU FKDUDFWHULVWLFV RI OLQH
FRQGXFWRUVHJOLQHFXUUHQWDQGLQFOLQDWLRQDQJOHIURPZKLFKWKHVDJDQGWHQVLRQRI
WKHPRQLWRUHGVSDQFDQEHGHULYHG7KHWHPSHUDWXUHVHQVRUVEHLQJGLUHFWO\DWWDFKHG
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XSRQ FRQGXFWRUV FDQ HIIHFWLYHO\ UHGXFH WKH PHDVXUHPHQW HUURU +RZHYHU WKH
WHPSHUDWXUHVHQVRUVWKDWPDNHFRQWDFWZLWKFRQGXFWRUVDGGLWLRQDOO\VXIIHUIURPKHDW
VNLQ HIIHFWV LH WKH PHDVXUHG FRQGXFWRU WHPSHUDWXUH EHLQJ ORZHU WKDQ WKH DFWXDO
YDOXH LQ WKH IUHH VSDQ >@ 7KH KHDW VNLQ HIIHFWV GXH WR WKH GLIIHUHQFH LQ WKHUPDO
EHKDYLRXUV EHWZHHQ WKH FRQGXFWRU DQG WKH VHQVRU-FRQGXFWRU FRPSRXQG FDQ EH
PLWLJDWHGE\WDNLQJLQWRDFFRXQWWKHKHDWLQJIXQFWLRQVRIFRQGXFWRUDQGVHQVRUIRUD
UDQJHRIZLQGVSHHGV>@ 
,QVWDOODWLRQVRIVDJPRQLWRULQJGHYLFHVJHQHUDOO\GRQRWUHTXLUHDSODQQHGOLQHRXWDJH
VLQFH PRVW RI WKHP VXFK DV ODVHU DQG UDGDU EDVHG VFDQQLQJ V\VWHPV GR QRW PDNH
FRQWDFW ZLWK WKH FRQGXFWRUV ,Q DGGLWLRQ D ODVHU VFDQQLQJ V\VWHP FDQ DGGLWLRQDOO\
PHDVXUH RXWHU GLDPHWHUV RI FRQGXFWRUV IURP ZKLFK WKH LFH DFFUHWLRQ UDWH RQ
FRQGXFWRUVFDQEHGHGXFHG+RZHYHUWKHODVHUDQGUDGDUEDVHGVFDQQLQJV\VWHPVGR
QHHGJRRGDFFHVV WR WKH OLQHVDQGVWUXFWXUHVDQGPD\IDFH WKHULVNRI WKH LQVSHFWHG
OLQHEHLQJEORZQRIIWKHVFDQQLQJUDQJHLQKLJKZLQGVSHHGV>@ 
7KH&$7-'/56\VWHPDQGWKH$PSDFLPRQ6\VWHPDUHERWKFDSDEOHRIFDSWXULQJ
WKHDYHUDJHEHKDYLRXURI D OLQH VHFWLRQEHWZHHQ WZR VWUDLQ VWUXFWXUHVEDVHGRQ WKH
FRQFHSWRIUXOLQJVSDQ7KH&$7-V\VWHPPHDVXUHV WKH WHQVLRQRI OLQHFRQGXFWRUV
IURPZKLFK WKHDYHUDJHFRQGXFWRU WHPSHUDWXUH LVGHWHUPLQHGEDVHGRQD FDOLEUDWHG
VWDWH FKDQJH FXUYH $Q $PSDFLPRQ VHQVRU PHDVXUHV WKH VDJ RI D SDUWLFXODU VSDQ
ZLWKLQ D OLQH VHFWLRQ ZKLFK LV WKHQ FRQYHUWHG WR WKH UXOLQJ VSDQ VDJ 7KH DYHUDJH
FRQGXFWRUWHPSHUDWXUHRIWKHOLQHVHFWLRQFDQEHFDOFXODWHGIURPWKHUXOLQJVSDQVDJ
EDVHGRQDFDOLEUDWHGVWDWHFKDQJHHTXDWLRQ 
,WKDVEHHQDUJXHGKHUHWKDW&$7-DQG$PSDFLPRQFDQEHUHJDUGHGDVPXOWL-VSDQRU
OLQH-VHFWLRQ PRQLWRULQJ WHFKQLTXHV ZKLOH PRVW RI WKH FRQGXFWRU WHPSHUDWXUH-EDVHG
DQGVDJ-EDVHG'/5WHFKQLTXHVDUHUHJDUGHGDVWKHVLQJOH-VSDQPRQLWRULQJWHFKQLTXHV
LHHDFKRIWKHLUGHYLFHVRQO\PRQLWRULQJDVLQJOHVSDQ7KHFDSDELOLW\RIPRQLWRULQJ
PXOWLSOHVSDQVRI&$7-DQG$PSDFLPRQGHSHQGVRQWKHUXOLQJVSDQFRQFHSWZKLFK
FDQ RQO\ EH XWLOLVHG ZKHQ WKHUH LV D UHDVRQDEOH WHQVLRQ HTXDOLVDWLRQ LQ VXVSHQVLRQ
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VSDQVZLWKLQDOLQHVHFWLRQ,IDVDWLVIDFWRU\WHQVLRQHTXDOLVDWLRQH[LVWVZLWKLQDOLQH
VHFWLRQVRPHVLQJOH-VSDQ'/5PRQLWRULQJWHFKQLTXHVWKDWFDQFDSWXUHWKHVDJRID
VSDQ VXFK DV 27/0 3RZHU 'RQXW ODVHU DQG UDGDU EDVHG VFDQQLQJ V\VWHPV PD\
WXUQLQWRPXOWL-VSDQPRQLWRULQJWHFKQLTXHVVLQFHWKHVDJRIWKHLQVSHFWHGVSDQFDQEH
XVHGWRH[WUDSRODWHWKHVDJVIRURWKHUVXVSHQVLRQVSDQVWKURXJKHTXDWLRQ-EDVHG
RQWKHFRQFHSWRIUXOLQJVSDQ 
'/5VFDQQRWEHGHWHUPLQHGRQO\E\PHDVXUHPHQWVRIFRQGXFWRUWHPSHUDWXUHRUVDJ
ZLWKRXWZHDWKHUGDWD7KHUHIRUHWKHPRQLWRULQJGHYLFHVDUHFRPPRQO\XVHGWRJHWKHU
ZLWKZHDWKHUVWDWLRQVRUQHWUDGLDWLRQVHQVRUV156WRFDOFXODWH'/5VEDVHGRQWKH
WKHUPDOPRGHORIRYHUKHDGFRQGXFWRUV7KHOLQHFXUUHQWVDQGWKHDYHUDJHFRQGXFWRU
WHPSHUDWXUHVRIWKHUXOLQJVSDQRUDOLQHVHFWLRQLQIHUUHGIURPWKHFRQGXFWRUWHQVLRQ
RUVDJPHDVXUHPHQWVDUHXVHGWRHVWLPDWHWKHµHIIHFWLYH¶ZLQGVSHHGVSHUSHQGLFXODU
WR OLQH FRQGXFWRUV 7KH HVWLPDWHG µHIIHFWLYH¶ SHUSHQGLFXODU ZLQG VSHHG (3:6 LV
WKHQ XVHG WR HYDOXDWH WKH UHDO-WLPH UDWLQJ IRU WKH OLQH VHFWLRQ WKDW LQFUHDVHV WKH
DYHUDJHFRQGXFWRUWHPSHUDWXUHWRWKHPD[LPXPDOORZDEOHOLPLW 
7KH'/5VHVWLPDWHGIURP(3:6DUHJHQHUDOO\RIKLJKHUDFFXUDF\WKDQGLUHFWO\XVLQJ
ZLQG VSHHGV DQG ZLQG GLUHFWLRQV REVHUYHG DW ZHDWKHU VWDWLRQV GXH WR OHVV SUHFLVH
PHDVXUHPHQWVRIZLQGFRQGLWLRQVDW ORZZLQGVSHHGV)XUWKHUPRUHZLQGYDULDEOHV
PHDVXUHGDWDZHDWKHUVWDWLRQFDQQRWDFFXUDWHO\UHSUHVHQWWKHDYHUDJHZLQGFRROLQJ
HIIHFWVH[SHULHQFHGE\ WKHVSDQ+RZHYHU LW VKRXOGEHQRWHG WKDW WKH(3:6-EDVHG
'/5VPD\VXIIHUIURPWKHDFFXUDF\RIWKHYDULDEOHEHLQJPRQLWRUHGHVSHFLDOO\WKH
PHDVXULQJHUURURIFRQGXFWRUWHPSHUDWXUH(YHQVRZHDWKHU-EDVHG'/5PRGHOVPD\
EHWKHPRVWSUDFWLFDOWHFKQLTXHWRHYDOXDWHWKHWKHUPDOOLPLWVRIRYHUKHDGOLQHVVLQFH
LQVWDOODWLRQVRIZHDWKHUVWDWLRQVPD\EHFRVW-HIIHFWLYHDQGGRQRWUHTXLUHDVFKHGXOHG
OLQHRXWDJH>@,WZDVUHFRPPHQGHGLQ>@WRXVHWKHZHDWKHU-EDVHG'/5PRGHO
ZLWK RWKHU '/5 PRQLWRULQJ WHFKQLTXHV VR DV WR YDOLGDWH WKH RXWSXWV RI WKH
ZHDWKHU-EDVHGPRGHO0RUHRYHUDGGLWLRQDOO\GHSOR\LQJRWKHU'/5WHFKQLTXHVVXFK
DVFRQGXFWRUWHPSHUDWXUHVHQVRUVFDQKHOSFRYHUPLFURFOLPDWHUHJLRQV>@ 
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$SSURSULDWHORFDWLRQVRIPRQLWRULQJVHQVRUVDUHFULWLFDOVLQFHWKHQXPEHURIVHQVRUV
LV QRUPDOO\ OLPLWHG E\ WKH DYDLODEOH EXGJHW ([FHSW IRU WKH ORDG FHOOV LQ D &$7-
'/5 6\VWHP WKDW DUH SODFHG DW D VWUDLQ VWUXFWXUH LW PD\ EH YDOXDEOH WR GHWHUPLQH
LQVWDOODWLRQ SRVLWLRQV DW WKH WKHUPDOO\ YXOQHUDEOH FRPSRQHQWV LH FULWLFDO VSDQV
ZKLFKH[SHULHQFHORZFRQYHFWLRQHIIHFWVDQGKLJKVRODUUDGLDWLRQV)RUZHDWKHUEDVHG
'/5PRGHOVPRUHZHDWKHUVWDWLRQVPD\EHUHTXLUHGLQFRPSOH[WHUUDLQV 
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3. 32,17$1'352%$%,/,67,&:($7+(5
)25(&$67,1* 
3.1. ,QWURGXFWLRQ 
'\QDPLF/LQH5DWLQJ'/5SURPLVHVWRUHOHDVHH[WUDSRZHUWUDQVIHUFDSDFLW\RQD
QHWZRUNDQGWRUHGXFHWKHQHHGIRUEDODQFLQJDFWLRQVWRPRGLI\LQWKHILUVWLQVWDQFH
JHQHUDWRURXWSXWV'HSHQGLQJRQZKHUHG\QDPLFOLQHUDWLQJLVGHSOR\HGWKLVZRXOG
KDYHDFOHDUEHQHILW LQ WHUPVRI UHGXFLQJFXUWDLOPHQWRI ORZFDUERQJHQHUDWLRQDQG
UHGXFLQJ WKH WRWDO FRVW RIEDODQFLQJDFWLRQV+RZHYHUPDQ\RI WKHVH UHTXLUH VRPH
QRWLFHGXHWRIRUH[DPSOHWKHWLPHWDNHQWRLGHQWLI\DQGFRPPXQLFDWHWKHQHHGIRU
DFWLRQV DQG WKH UDPS UDWH OLPLWV RQ JHQHUDWLRQ 7KXV IRUHFDVWLQJ RI UDWLQJV VHHPV
QHFHVVDU\LIV\VWHPRSHUDWRUDFWLRQVDUHQRWWREHXQGXO\FRQVHUYDWLYH 
:HDWKHU-EDVHG'/5IRUHFDVWLQJWHFKQLTXHVZKLFKXVHZHDWKHUSUHGLFWLRQVDUHEHLQJ
ZLGHO\ GHYHORSHG IRU GLIIHUHQW WLPH KRUL]RQV LQRSHUDWLRQDO SODQQLQJ DQG UHDO-WLPH
V\VWHPRSHUDWLRQ6LQFHWKHVWHDG\-VWDWHUDWLQJRIDQ2+/LVVLJQLILFDQWO\LQIOXHQFHG
E\ZHDWKHUFRQGLWLRQVUHOLDEOHDQGDFFXUDWHZHDWKHUIRUHFDVWLQJLVDSUHUHTXLVLWHIRU
DV\VWHPRSHUDWRUKDYLQJFRQILGHQFHLQWKHSURYLGHG'/5IRUHFDVWWRGLVSDWFKSRZHU
IORZ)RU ORRNDKHDG WLPHVRID IHZKRXUV WLPHVHULHV IRUHFDVWLQJPRGHOVDUHZHOO
VXLWHG WR '/5 IRUHFDVWLQJ SURGXFLQJ ZHDWKHU IRUHFDVWV IURP KLVWRULF REVHUYDWLRQV
WKDWDUHFRPELQHGZLWKD WKHUPDOPRGHORIRYHUKHDGFRQGXFWRUV>@7LPHVHULHV
DSSURDFKHV KDYH EHHQ GHYHORSHG LQ > @ WR GHULYH SUHGLFWLYH GLVWULEXWLRQV RI
ZHDWKHUSDUDPHWHUVIRUDIHZKRXUVDKHDGIURPZKLFKUDQGRPZHDWKHUVDPSOHVZHUH
JHQHUDWHGXVLQJ0RQWH&DUORVLPXODWLRQWRHVWLPDWHSUREDELOLVWLF'/5IRUHFDVWV7KH
DFFXUDF\ RI D WLPH VHULHV IRUHFDVWLQJ PRGHO FRPPRQO\ GHFUHDVHV ZLWK WKH IRUHFDVW
WLPH KRUL]RQ :HDWKHU IRUHFDVWV IURP QXPHULFDO ZHDWKHU SUHGLFWLRQ PRGHOV DUH
JHQHUDOO\SUHIHUUHGIRUDIRUHFDVWKRUL]RQJUHDWHUWKDQKRXUVDKHDG>@1XPHULFDO
ZHDWKHUSUHGLFWLRQV DQG ZHDWKHU IRUHFDVW HQVHPEOHVSURYLGHGE\D ZHDWKHU VHUYLFH
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DUH XVXDOO\ XVHG IRU WKH HVWLPDWLRQ RI SRLQW IRUHFDVWV IRU '/5 > @ DQG WKH
XQFHUWDLQWLHVRI'/5IRUHFDVWV>@UHVSHFWLYHO\IRUDGD\DKHDG 
7KH SULPDU\ REMHFWLYH RI WKLV UHVHDUFK LV WR GHYHORS DQ HQKDQFHG ZHDWKHU-EDVHG
PRGHO WRSURYLGH'/5IRUHFDVWV LQ WKHIRUPRISHUFHQWLOHVZKLFKFDQEHXVHGE\D
V\VWHPRSHUDWRUZLWKLQDFKRVHQULVNSROLF\ZLWKUHVSHFWWRWKHSUREDELOLW\RIDUDWLQJ
EHLQJH[FHHGHG3UHGLFWLYHGLVWULEXWLRQVRIZHDWKHUYDULDEOHVDUHHVWLPDWHGIURPWKHLU
KLVWRULF WLPH VHULHV REVHUYHG DW ZHDWKHU VWDWLRQV E\ XVLQJ VXLWDEOH SUREDELOLVWLF
IRUHFDVWLQJPRGHOV7KHPRGHOOHGGLVWULEXWLRQVRIZHDWKHUIRUHFDVWVDUHWKHQXVHGWR
GHULYH WKHSHUFHQWLOHVRI'/5 IRUHFDVWV LQ0RQWH&DUOR VLPXODWLRQ$SUREDELOLVWLF
IRUHFDVWRUDSUHGLFWLYHSUREDELOLW\GLVWULEXWLRQFDQEHUHJDUGHGDVDQH[WHQVLRQRID
SRLQWIRUHFDVWLQGLFDWLQJWKHVL]HRUGLVWULEXWLRQRISRVVLEOHHUURUV$QDFFXUDWHSRLQW
IRUHFDVW LV WKHUHIRUH QHFHVVDU\ IRU PLQLPLVLQJ WKH XQFHUWDLQW\ RI IRUHFDVWV EXW
NQRZOHGJHRIWKHGLVWULEXWLRQLVUHTXLUHGWRXQGHUVWDQGWKHULVNV 
,Q WKLV FKDSWHU WLPHVHULHV IRUHFDVWLQJPRGHOVDUH ILUVWGHYHORSHG WRHVWLPDWHSRLQW
IRUHFDVWV IRU HDFK ZHDWKHU YDULDEOH E\ XVLQJ DQ DXWR-UHJUHVVLYH SURFHVV WKDW LV
FRPELQHGZLWKD)RXULHUVHULHVEDVHGGH-WUHQGLQJPHWKRG7KHSRLQWRUGHWHUPLQLVWLF
IRUHFDVWLQJ PRGHOV WKDW KDYH DQ DGHTXDWH IRUHFDVW DFFXUDF\ DUH WKHQ VHOHFWHG WR
PRGHOSUHGLFWLYHFHQWUHVRIZHDWKHUYDULDEOHV&RQGLWLRQDOKHWHURVFHGDVWLFLW\RI WKH
SUHGLFWLYH GLVWULEXWLRQ LV PRGHOOHG DV D OLQHDU IXQFWLRQ RI UHFHQW FKDQJHV LQ WKH
GH-WUHQGHG GDWD ZLWKLQ RQH KRXU IRU DLU WHPSHUDWXUH DQG ZLQG VSHHG RU WKH
FRQFHQWUDWLRQRIUHFHQWZLQGGLUHFWLRQREVHUYDWLRQVZLWKLQWZRKRXUV7KHSUHGLFWLYH
GLVWULEXWLRQV RI ZHDWKHU YDULDEOHV DUH GHWHUPLQHG XVLQJ D WHFKQLTXH RI PLQLPXP
FRQWLQXRXVUDQNHGSUREDELOLW\VFRUH&536HVWLPDWLRQ7KHSUREDELOLVWLFIRUHFDVWLQJ
PRGHOVWKDWKDYHVPDOOHU&536YDOXHVDQGUHTXLUHOHVVFRPSXWDWLRQWLPHDUHXVHGWR
SURGXFH SUHGLFWLYH GLVWULEXWLRQV IRU HDFK ZHDWKHU SDUDPHWHU ,Q WKH FDVH RI VRODU
UDGLDWLRQ RQO\ SRLQW IRUHFDVWV KDYH EHHQ XVHG KHUH VLQFH ZKHQ ZLQG VSHHGV DUH
DERYH D PRGHVW OHYHO >@ RU ZKHQ FRQGXFWRU WHPSHUDWXUHV DUH UHODWLYHO\ KLJK >@
FRQGXFWRUWHPSHUDWXUHLVLQVHQVLWLYHWRWKHFKDQJHLQVRODUUDGLDWLRQ 
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$VZDVQRWHGLQ6HFWLRQVDQG-PLQXWHDYHUDJHZHDWKHUGDWDZDVXVHG
LQ WKLV ZRUN WKH H[DPSOHV RI HVWLPDWLQJ ܮ-VWHS-DKHDG ZHDWKHU IRUHFDVWV GHVFULEHG
KHUH WKHUHIRUH XVH VWHS OHQJWKV RI  PLQXWHV $OWKRXJK WKH ILUVW FKDOOHQJH LV WR
GHYHORS UHDVRQDEOH IRUHFDVWV IRU  VWHS DKHDG LQ SUDFWLFH LW LV YHU\ GLIILFXOW IRU
V\VWHPRSHUDWRUVWRPDNHXVHRI-PLQXWHVWHDG\-VWDWH'/5IRUHFDVWVDVXSGDWHVRI
V\VWHPVWDWHIURPDQHQHUJ\PDQDJHPHQWV\VWHPDQGLPSOHPHQWDWLRQRIDQ\DFWLRQ
UHTXLUHG WR VHFXUH WKH V\VWHPZRXOG W\SLFDOO\ WDNH DW OHDVW WKDW ORQJ$OWKRXJK WKH
QRWLFH JLYHQ WR RSHUDWRUV ZRXOG LGHDOO\ EH ORQJHU WKDQ  PLQXWHV DV D PHDQV RI
HVWDEOLVKLQJWKHYLDELOLW\RIWKHGHVFULEHGDSSURDFKDQGJLYLQJVRPHWKLQJRIDWOHDVW
VRPH YDOXH WR V\VWHP RSHUDWRUV UHVXOWV IRU -VWHS-DKHDG DUH DOVR SUHVHQWHG ,Q
DGGLWLRQWRSUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVWKHWKHVLVDLPVWRTXDQWLI\ORZHU
SHUFHQWLOHVRIWUDQVLHQW-VWDWHUDWLQJIRUHFDVWVZKLFKPD\\LHOGDPD[LPXPDOORZDEOH
FRQGXFWRUWHPSHUDWXUHLQDVSHFLILHGWLPHSHULRGW\SLFDOO\OHVVWKDQKDOI-DQ-KRXU>@
FRQVLGHULQJWKHWKHUPDOLQHUWLDRIWKHFRQGXFWRU7KHUHIRUHSUHGLFWLYHGLVWULEXWLRQVRI
ZHDWKHUYDULDEOHVIRUXSWRWKUHH-PLQXWHWLPHVWHSVDKHDGHVWLPDWHGLQWKLVFKDSWHU
DUHQHFHVVDU\IRUSUREDELOLVWLFIRUHFDVWLQJRIWUDQVLHQW-VWDWH'/5 
3.2. 0HWKRGRORJ\ 
3.2.1. )RXULHUVHULHVEDVHGWHPSRUDOGH-WUHQGLQJ 
'DWDDSSOLHGWRVWDWLVWLFDOPRGHOVOLNHWLPHVHULHVIRUHFDVWLQJPRGHOVDUHJHQHUDOO\
UHTXLUHG WR VDWLVI\DZHDNRU VHFRQGRUGHUVWDWLRQDULW\7KDW LVQHLWKHU WKHDYHUDJH
QRU WKH YDULDQFH RI WKH GDWD VKRXOG YDU\ ZLWK WLPH DQG WKH DXWR-FRYDULDQFH LV
GHSHQGHQWRQWKHWLPHODJRQO\>@7KHLQKHUHQWWUHQGVRIQRQ-VWDWLRQDU\GDWDPD\
EHPLVOHDGLQJZLWKUHJDUGWRFRUUHODWLRQVDPRQJYDULDEOHVRUWKHDXWRFRUUHODWLRQRID
WLPHVHULHV$Q\WUHQGLPSOLHGLQWKHQRQ-VWDWLRQDU\GDWDVKRXOGWKHUHIRUHEHUHPRYHG
EHIRUHWKHDSSOLFDWLRQRIVWDWLVWLFDOPRGHOV 
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$WHPSRUDOGH-WUHQGLQJPHWKRGXVLQJD)RXULHU VHULHVRID UHDVRQDEOHRUGHU ݌௙௦ LV
HPSOR\HGKHUHWRH[WUDFWWHPSRUDOWUHQGVIURPZHDWKHUGDWD>@ 
ܶݎ݁݊݀ ൌ ܨܵ௢ ൅ ෍ ܨ ௜ܵ ൫݅߱௙௦ݐ ൅ ߮௜൯௣೑ೞ௜ୀଵ  - 
ZKHUH WHUPV ܨܵ௜ DQG ߮௜ DUH WKH )RXULHU FRHIILFLHQWV RI WKH ݅௧௛ KDUPRQLFV 7KH
WHUP ܨܵ௢ LV WKHRIIVHWRIGDWDDQG ߱௙௦ UHSUHVHQWV WKHIUHTXHQF\7KHDQQXDO WUHQG
DQGGLXUQDOWUHQGRIZHDWKHUGDWDFDQEHPRGHOOHGZLWKDQDQQXDODQJXODUIUHTXHQF\
RI  ?ߨ ሺ ? ? ?ൈ  ? ? ݄ݎሻ ?  DQGDGLXUQDODQJXODUIUHTXHQF\RI  ?ߨ  ? ? ݄ݎ ?  >@ 
+RXUO\ ZLQG VSHHG PHDVXUHPHQWV RYHU WZR \HDUV - IURP WKH %ULWLVK
$WPRVSKHULF'DWD&HQWUH%$'&WKDWZHUHUHFRUGHGDW5K\OZHDWKHUVWDWLRQORFDWHG
LQ 1RUWK :DOHV DUH XVHG WR LOOXVWUDWH WKH SURFHVV RI )RXULHU VHULHV EDVHG WHPSRUDO
GH-WUHQGLQJ 7KH DQQXDO WUHQG RI ZLQG VSHHG LV ILUVW ZHOO PRGHOOHG E\ D UG RUGHU
)RXULHU VHULHV ZLWK WKH DQQXDO DQJXODU IUHTXHQF\ DV VKRZQ LQ )LJ - DQG WKHQ
VXEWUDFWHGIURPWKHRULJLQDOGDWDRIZLQGVSHHG 
 
)LJ-0RGHOOLQJRIDQQXDOWUHQGRIZLQGVSHHGRYHUWZR\HDUV-DW5K\O 
+LOO>@IRXQGWKDW WKHGLXUQDO WUHQGRIZLQGVSHHGHVSHFLDOO\DWFRDVWDO ORFDWLRQV
YDULHV WKURXJKRXW WKH \HDU $V D FRQVHTXHQFH WKH ZLQG VSHHGV ZLWKRXW WKH DQQXDO
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WUHQGDUHFDWHJRUL]HGLQWRIRXUJURXSVDFFRUGLQJ WRIRXUVHDVRQVZLQWHU 'HFHPEHU
WR )HEUXDU\ VSULQJ 0DUFK WR 0D\ VXPPHU -XQH WR $XJXVW DQG DXWXPQ
6HSWHPEHU WR 1RYHPEHU 7KH GLXUQDO WUHQG LQ HDFK VHDVRQ LV WKHQ ILWWHG WR WKH
DYHUDJHYDOXHDWHDFKKRXUZLWKLQDGD\IRUHDFKVHDVRQE\D)RXULHUVHULHVRIRUGHU
HTXDO WR WZRZLWK WKHGLXUQDODQJXODU IUHTXHQF\DV VKRZQ LQ)LJ-7KHGLXUQDO
WUHQGV RI ZLQG VSHHGV LQ VSULQJ DQG VXPPHU DUH VKRZQ WR EH VLPLODU DQG PRUH
REYLRXVWKDQWKRVHLQDXWXPQDQGZLQWHU 
 
)LJ-0RGHOOLQJRIGLXUQDOWUHQGVRIZLQGVSHHGVRYHUWZR\HDUV-LQIRXUVHDVRQVDW5K\O 
7KHPRGHOOHGDQQXDOWUHQGDQGWKHGLXUQDOWUHQGVLQGLIIHUHQWVHDVRQVDUHDOOUHPRYHG
IURPWKHRULJLQDOGDWDVRDVWRREWDLQWKHGH-WUHQGHGGDWDZLWKDUHDVRQDEOHGHJUHHRI
VWDWLRQDULW\7RH[DPLQHWKHHIIHFWRIWHPSRUDOGH-WUHQGLQJRQWKHVWDWLRQDULW\RIGDWD
VDPSOHDXWRFRUUHODWLRQVRIWKHRULJLQDOGDWDDQGWKHUHVLGXDOVDUHFDOFXODWHGIRUWLPH
ODJVXSWRKRXUVVHSDUDWHO\DVVKRZQLQ)LJ-7KHDXWRFRUUHODWLRQRIRULJLQDO
GDWD LVVKRZQWRGHFD\SHULRGLFDOO\ZLWKDSHULRGRIDSSUR[LPDWHO\KRXUVZKLOH
WKH DXWRFRUUHODWLRQ RI WKH UHVLGXDOV WKDW DUH REWDLQHG YLD WKH WHPSRUDO GH-WUHQGLQJ
SURFHVV GHFD\V WR ]HUR UHODWLYHO\ VPRRWKO\ 7KLV FRQILUPV WKH QHFHVVLW\ WR UHPRYH
WHPSRUDO WUHQGV HVSHFLDOO\ WKH GLXUQDO WUHQGV IURP WKH RULJLQDO WLPH VHULHV ZKLFK
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ZRXOGRWKHUZLVH FRUUHODWH WKHSDLUVRIZLQG VSHHGGDWD WKDW DUH DW WKH WLPH ODJVRI
PXOWLSOHVRIKRXUV7KHGH-WUHQGHGGDWDFDQWKHQEHXVHGWRHVWLPDWHSDUDPHWHUVRI
WLPHVHULHVIRUHFDVWLQJPRGHOV 
 
)LJ-6DPSOHDXWRFRUUHODWLRQVRI WKHRULJLQDO ZLQG VSHHGGDWDDQG WKHFRUUHVSRQGLQJGH-WUHQGHG
GDWDDWWLPHODJVXSWRKRXUVDW5K\O 
3.2.2. $XWR-UHJUHVVLYHPRGHO 
7LPHVHULHVIRUHFDVWLQJPRGHOVXVLQJDQDXWR-UHJUHVVLYH$5SURFHVVFDOFXODWHSRLQW
IRUHFDVWV RI ZHDWKHU YDULDEOHV IURP UHFHQW REVHUYDWLRQV EDVHG RQ WKHLU FRUUHODWLRQV
H[WUDFWHGIURPKLVWRULF WLPHVHULHV$QDXWR-UHJUHVVLYH$5PRGHORIRUGHU ݌ LVD
VWRFKDVWLFPRGHOWKDWHVWLPDWHVWKHIRUHFDVW ݖǁ௧ DVDOLQHDUFRPELQDWLRQRI ݌ KLVWRULF
YDOXHV ݖǁ௧ି௜ሺ݅ ൌ  ?ǡ ǥ ǡ ݌ሻ DWDWDUJHWORFDWLRQDQGD*DXVVLDQQRLVHWHUP ݁௧ >@ 
ݖǁ௧ ൌ ݑ ൅ ෍ ߚ௜ݖǁ௧ି௜௣௜ୀଵ ൅ ݁௧  - 
ZKHUH ݖǁ௧  UHSUHVHQWV WKH GHYLDWLRQ IURP WKH WUHQG FRPSRQHQW 7KH WHUP ݑ LV D
FRQVWDQWDQG ߚ௜ GHQRWHWKHDXWR-UHJUHVVLYHSDUDPHWHUVZKLFKFDQEHGHWHUPLQHGE\
XVLQJWKHRUGLQDU\OHDVWVTXDUHVHVWLPDWLRQ>@RU<XOH-:DONHUHTXDWLRQV>@ 
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3.2.2.1. 2UGLQDU\OHDVWVTXDUHVHVWLPDWLRQ>@ 
)RU ݐ ൌ  ?ǡ ǥ ǡ ݊ LQHTXDWLRQ-DVHWRIHTXDWLRQVFDQEHREWDLQHG ݖǁ௡ ൌ ݑ ൅ ߚଵݖǁ௡ିଵ ൅ ߚଶݖǁ௡ିଶ ൅ ڮ ൅ ߚ௣ݖǁ௡ି௣  ൅݁௡ 
         ݖǁ௡ିଵ ൌ ݑ ൅ ߚଵݖǁ௡ିଶ ൅ ߚଶݖǁ௡ିଷ ൅ ڮ ൅ ߚ௣ݖǁ௡ି௣ିଵ ൅ ݁௡ିଵ 
            ڭ   ڭ     ڭ       ڭ      ڰ     ڭ       ڭ 
           ݖǁଵ ൌ ݑ ൅ ߚଵݖǁ଴  ൅ ߚଶݖǁିଵ  ൅ ڮ ൅ ߚ௣ݖǁଵି௣ ൅݁ଵ - 
ZKLFKFDQEHZULWWHQLQWKHPDWUL[IRUPDV ࢟ ൌ ࢠ࢈ ൅ ࢋ - 
ZKHUH 
࢟ ൌ ൦ ݖǁ௡ݖǁ௡ିଵڭݖǁଵ ൪ ࢈ ൌ ൦
ݑߚଵڭߚ௣൪ ࢠ ൌ ۏێێ
ۍ ? ݖǁ௡ିଵ ? ݖǁ௡ିଶ ݖǁ௡ିଶ ڮ ݖǁ௡ି௣ݖǁ௡ିଷ ڮ ݖǁ௡ି௣ିଵڭ ڭ ? ݖǁ଴ ڭ ڰ ڭݖǁିଵ ڮ ݖǁଵି௣ ےۑۑ
ې
 ࢋ ൌ ൦ ݁௡݁௡ିଵ݁ڭଵ ൪ 
7KHDXWR-UHJUHVVLYHSDUDPHWHUV ߚ௜ DQG WKHFRQVWDQW ݑ DUHGHWHUPLQHG WRPLQLPLVH
WKH VXP RI VTXDUHV RI UHVLGXDOV ሺ࢟ െ ࢠ࢈ሻ  ZKLFK LV D IXQFWLRQ RI YDULDEOHV ݑǡߚଵǡ ǥ ǡ ߚ௣ ࢈ ൌ ሺࢠᇱࢠሻିଵࢠᇱ࢟ - 
3.2.2.2. $XWRFRUUHODWLRQIXQFWLRQ>@ 
0XOWLSO\LQJWKURXJKRXWLQHTXDWLRQ-E\ ݖǁ௧ି௞ IRU ݇ ൐  ?LWFDQEHREWDLQHGWKDW ݖǁ௧ି௞ݖǁ௧ ൌ ݖǁ௧ି௞ݑ ൅ ෍ ߚ௜ݖǁ௧ି௞ݖǁ௧ି௜௣௜ୀଵ ൅ ݖǁ௧ି௞݁௧ - 
7DNLQJ WKH H[SHFWHG YDOXH ܧሼ ?ሽ RI HDFK WHUP LQ HTXDWLRQ - ܧሼݖǁ௧ି௞݁௧ሽ HTXDOV
]HURVLQFH ݖǁ௧ି௞ DUHXQFRUUHODWHGZLWK ݁௧ ܧሼݖǁ௧ି௞ݑሽ LVDOVRHTXDOWR]HURGXHWRWKH
GH-WUHQGHGGDWDKDYLQJDQDYHUDJHHTXDOWR]HUR7KHQLWFDQEHREWDLQHGWKDW ߞ௞ ൌ ෍ ߚ௜ߞ௞ି௜௣௜ୀଵ ǡ ݇ ൐  ? - 
ZKHUH ߞ௞  UHSUHVHQWV ܧሼݖǁ௧ି௞ݖǁ௧ሽ LH WKH DXWR-FRYDULDQFH DW WKH WLPH ODJ ݇ 7KH
DXWRFRUUHODWLRQIXQFWLRQFDQWKHQEHREWDLQHGWKURXJKGLYLGLQJWKHWHUPVLQHTXDWLRQ
-E\ ܧሼݖǁ௧ଶሽ ZKLFKLVWKHYDULDQFHRIWKHWLPHVHULHVGHQRWHGE\ ߞ௢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ߩ௞ ൌ ෍ ߚ௜ߩ௞ି௜௣௜ୀଵ ǡ ݇ ൐  ? - 
ZKHUH WHUPV ߩ௞ DQG ߩ௞ି௜ HTXDOOLQJ ߞ௞ ߞ௢ ?  DQG ߞ௞ି௜ ߞ௢ ?  DUH WKH DXWRFRUUHODWLRQV
RIWKHWLPHVHULHVDWWLPHODJV ݇ DQG ሺ݇ െ ݅ሻ UHVSHFWLYHO\ 
3.2.2.3. <XOH-:DONHUHTXDWLRQV>@ 
,I D WLPH VHULHV KDV D ZHDN RU VHFRQG-RUGHU VWDWLRQDULW\ LWV DXWR-FRYDULDQFH RQO\
GHSHQGV RQ WKH WLPH ODJ DQG WKXV ߩ௞ ൌ ߩି௞  $ VHW RI OLQHDU HTXDWLRQV IRU
DXWR-UHJUHVVLYH SDUDPHWHUV ߚ௜ LQ WHUPV RI DXWRFRUUHODWLRQV ߩ௞ FDQ EH REWDLQHG E\
VXEVWLWXWLQJ ݇ ൌ  ?ǡ ǥ ǡ ݌ LQHTXDWLRQ- ߩଵ ൌ ߚଵ     ൅ ߚଶߩଵ   ൅  ڮ  ൅ ߚ௣ߩ௣ିଵ ߩଶ ൌ ߚଵߩଵ   ൅ ߚଶ     ൅  ڮ  ൅ ߚ௣ߩ௣ିଶ 
                  ڭ    ڭ         ڭ          ڰ     ڭ ߩ௣ ൌ ߚଵߩ௣ିଵ ൅ ߚଶߩ௣ିଶ ൅  ڮ  ൅ ߚ௣ - 
7KHOLQHDUHTXDWLRQVLQHTXDWLRQ-DUHNQRZQDVWKH<XOH-:DONHUHTXDWLRQV WKH
PDWUL[IRUPRIZKLFKFDQEHZULWWHQDV ࡼ௣ࢼ௣ ൌ ࣋௣ - 
ZKHUH 
࣋௣ ൌ ൦ߩଵߩଶڭߩ௣൪ ࢼ௣ ൌ ൦
ߚଵߚଶڭߚ௣൪ ࡼ௣ ൌ ൦
 ? ߩଵߩଵ  ? ڮ ߩ௣ିଵڮ ߩ௣ିଶڭ ڭߩ௣ିଵ ߩ௣ିଶ ڰ ڭڮ  ? ൪ 
7KXV WKH DXWR-UHJUHVVLYH SDUDPHWHUV ߚ௜  FDQ EH HVWLPDWHG EDVHG RQ WKH VDPSOH
DXWRFRUUHODWLRQVGHWHUPLQHGIURPWKHKLVWRULFWLPHVHULHV ࢼ௣ ൌ ࡼ௣ିଵ࣋௣ - 
3.2.2.4. 3DUWLDODXWRFRUUHODWLRQIXQFWLRQ>@ 
7KH RUGHU RI DQ $5 PRGHO FDQ EH GHWHUPLQHG IURP WKH SDUWLDO DXWRFRUUHODWLRQ
IXQFWLRQVRIDWLPHVHULHV$FFRUGLQJWRHTXDWLRQ-WKH ݅௧௛ FRHIILFLHQWVLQDQ$5
UHSUHVHQWDWLRQRIRUGHU ݇ GHQRWHGE\ ߚ௞௜ VDWLVI\WKHVHWRIHTXDWLRQV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ߩ௝ ൌ ෍ ߚ௞௜ߩ௝ି௜௞௜ୀଵ ǡ ݆ ൌ  ?ǡ ǥ ǡ  ݇ - 
ZKLFKFDQEHH[SUHVVHGLQWKHIRUPRIPDWUL[DV 
൦  ? ߩଵߩଵ  ? ڮ ߩ௞ିଵڮ ߩ௞ିଶڭ ڭߩ௞ିଵ ߩ௞ିଶ ڰ ڭڮ  ? ൪ ൦
ߚ௞ଵߚ௞ଶڭߚ௞௞൪ ൌ ൦
ߩଵߩଶڭߩ௞൪ - 
RU ࡼ௞ࢼ௞௞ ൌ ࣋௞ - 
:KHUH WKH WHUP ߚ௞௞ LQ HTXDWLRQ - LV NQRZQ DV WKH SDUWLDO DXWRFRUUHODWLRQ
IXQFWLRQDW WLPH ODJ ݇)RUDQ$5SURFHVVRIRUGHU ݌ ߚ௞௞ LVQRQ]HUR LI ݇ LV OHVV
WKDQRUHTXDOWRRUGHU ݌ DQG]HURRWKHUZLVH 
3.2.3. 9HFWRUDXWR-UHJUHVVLYHPRGHO 
$VZDVQRWHGLQ6HFWLRQDQ$5IRUHFDVWLQJPRGHOFRQVLGHUVKLVWRULFWLPHVHULHV
RI ZHDWKHU YDULDEOHV DW WKH WDUJHW ORFDWLRQ RQO\ *LYHQ KLVWRULF WLPH VHULHV DW RWKHU
VXUURXQGLQJ ORFDWLRQVDYHFWRUDXWR-UHJUHVVLYH9$5PRGHODGGLWLRQDOO\FRQVLGHUV
VSDWLR-WHPSRUDOFRUUHODWLRQVEHWZHHQWKHWDUJHWORFDWLRQDQGRWKHUORFDWLRQV3URYLGHG
WKDWZHDWKHUYDULDEOHVKDYHVWURQJFRUUHODWLRQVEHWZHHQGLIIHUHQWORFDWLRQVWKHXVHRI
D9$5PRGHOPD\LPSURYHWKHIRUHFDVWDFFXUDF\RYHUDQ$5PRGHO 
3.2.3.1. 9HFWRUDXWR-UHJUHVVLYHPRGHO 
$VDQH[WHQVLRQRIDXQLYDULDWH$5PRGHOD9$5PRGHORIRUGHU ݌ RIIHUVDZD\RI
SURGXFLQJWKHIRUHFDVWDVDZHLJKWHGVXPRIKLVWRULFWLPHVHULHVQRWRQO\DWWKHWDUJHW
ORFDWLRQEXWDOVRIURP ሺܭ െ  ?ሻ VXUURXQGLQJVDPSOHGORFDWLRQV>@ ࢆ෩௧ ൌ ࢛ ൅ ෍ ࡭௜ࢆ෩௧ି௜௣௜ୀଵ ൅ ࡱ௧ -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ZKHUH ࢆ෩௧ LVDሺܭ ൈ  ?ሻ YHFWRUFRQVLVWLQJRI ݖǁ௝௧ ሺ݆ ൌ  ?ǡ ǥ ǡ ܭሻ DW ܭ ORFDWLRQV ࢛ LV
D ሺܭ ൈ  ?ሻ YHFWRUFRPSULVLQJFRQVWDQWV ࡭௜ UHSUHVHQWVD ሺܭ ൈ ܭሻ PDWUL[RIPRGHO
SDUDPHWHUVDWWLPHODJ ݅ DQG ࡱ௧ LVD ሺܭ ൈ  ?ሻ YHFWRURIQRLVHWHUPV>@ 
ࢆ෩࢚ ൌ ൦ݖǁଵ௧ݖǁଶ௧ڭݖǁ௄௧൪ ࢛ ൌ ൦
ݑଵݑଶڭݑ௄൪ ࡭௜ ൌ ۏێێ
ۍ ܣଵଵ௜ ܣଵଶ௜ܣଶଵ௜ ܣଶଶ௜ ڮ ܣଵ௄௜ڮ ܣଶ௄௜ڭ ڭܣ௄ଵ௜ ܣ௄ଶ௜  ڰ ڭڮ ܣ௄௄௜ ےۑۑ
ې
 ࢋ௧ ൌ ൦݁ଵ௧݁ଶ௧ڭ݁௄௧൪ 
3.2.3.2. 0XOWLYDULDWHOHDVWVTXDUHVHVWLPDWLRQ>@ 
*LYHQ WKDW HDFK RI ܭ ORFDWLRQV KDV D WLPH VHULHV RI VL]H ܶ RYHU WKH VDPH SHULRGݖǁ௝் ǡ ǥ ǡ ݖǁ௝ଵሺ݆ ൌ  ?ǡ ǥ ǡ ܭሻ DQG ݌ KLVWRULF YDOXHV ݖǁ௝଴ǡ ǥ ǡ ݖǁ௝ሺି௣ାଵሻሺ݆ ൌ  ?ǡ ǥ ǡ ܭሻ VRPH
WHUPVDUHGHILQHGDV 
ࢅ ൌ ൫ࢆ෩் ǡ ǥ ǡ ࢆ෩ଵ൯ ࡮ ൌ ൫࢛ǡ ࡭ଵǡ ǥ ǡ ࡭௣൯ ࢆ ൌ ൦  ? ڮ  ?ࢆ෩்ିଵ ڮ ࢆ෩଴ ڭ ڰ ڭࢆ෩்ି௣ ڮ ࢆ෩ି௣ାଵ൪ ࡱ ൌ ሺࢋ் ǡ ǥ ǡ ࢋଵሻ 
7KXVD9$5SURFHVVRIRUGHU ݌ FDQEHH[SUHVVHGLQWKHPDWUL[IRUP ࢅ ൌ ࡮ࢆ ൅ ࡱ - 
7KH 9$5 PRGHO SDUDPHWHUV ࡭௜ DQG FRQVWDQWV ࢛ DUH WKHQ GHWHUPLQHG WR PLQLPLVH
WKHVXPRIVTXDUHVRIUHVLGXDOV ሺࢅ െ ࡮ࢆሻ IRUHDFKORFDWLRQVHSDUDWHO\ ࡮ ൌ ࢄࢆᇱሺࢆࢆᇱሻିଵ - 
3.2.4. $5DQG9$5PRGHOVIRUFLUFXODUGDWD 
(TXDWLRQ-IRUDXQLYDULDWH$5PRGHODQGHTXDWLRQ-IRUD9$5PRGHOFDQ
EHDSSOLHGWRIRUHFDVWLQJRIDLUWHPSHUDWXUHZLQGVSHHGDQGVRODUUDGLDWLRQZKLFKDUH
OLQHDUGDWD6RPHFKDQJHVLQERWKHTXDWLRQVDUHPDGHIRUZLQGGLUHFWLRQIRUHFDVWLQJ
GXHWRWKHFLUFXODUSURSHUWLHVRIZLQGGLUHFWLRQ&DUHLVQHHGZKHQGHDOLQJZLWKZLQG
GLUHFWLRQVLQFHWZRRSSRVLWHFRQYHQWLRQVDUHFRPPRQO\XVHGIRUWKHUHIHUHQFHDQJOH
LHWKHZLQGYHFWRUD]LPXWK ߠ௩௘௖௧ DQGWKHPHWHRURORJLFDOZLQGGLUHFWLRQ ߠ௠௘௧ >@
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)LJ - SURYLGHV D FOHDU H[SODQDWLRQ RI GLIIHUHQFHV EHWZHHQ WZR FRQYHQWLRQV DQG
LQWURGXFHVDQDGGLWLRQDOUHIHUHQFHDQJOHLHWKHZLQGYHFWRUSRODUDQJOH ߠ௣௢௟௔௥ 
 
)LJ-7ZRFRQYHQWLRQDOUHIHUHQFHDQJOHVIRUZLQGGLUHFWLRQUHFRUGDQGDQDGGLWLRQDOUHIHUHQFH>@ 
7KHZLQGYHFWRUD]LPXWK ߠ௩௘௖௧ UHSUHVHQWV WKHGLUHFWLRQ WRZDUGVZKLFK WKHZLQG LV
EORZLQJZKLOHWKHPHWHRURORJLFDOZLQGGLUHFWLRQ ߠ௠௘௧ UHSUHVHQWVWKHGLUHFWLRQIURP
ZKLFKWKHZLQGLVEORZLQJ%RWKRIWKHPUHJDUGQRUWKDV  ?௢HDVWDV  ? ?௢VRXWKDV ? ? ?௢DQGZHVWDV  ? ? ?௢ LQFORFNZLVHRUGHU,QFRQWUDVWWKHZLQGYHFWRUSRODUDQJOHߠ௣௢௟௔௥  UHJDUGV HDVW DV  ?௢  QRUWK DV  ? ?௢  ZHVW DV  ? ? ?௢  DQG VRXWK DV  ? ? ?௢  LQ
DQWLFORFNZLVHRUGHU>@ 
:LQG GLUHFWLRQ PHDVXUHPHQWV SURYLGHG LQ WKLV UHVHDUFK DUH PHWHRURORJLFDO ZLQG
GLUHFWLRQVZKLFKKDYHEHHQFRQYHUWHGWRWKHIRUPRIWKHZLQGYHFWRUSRODUDQJOH7KH
ZLQGGLUHFWLRQVPHQWLRQHGEHORZDUHDOOUHIHUUHGWRZLQGYHFWRUSRODUDQJOHV 
)RU ZLQG GLUHFWLRQ RU FLUFXODU GDWD IRUHFDVWLQJ ZLQG GLUHFWLRQV ݓௗ א ሾെߨǡ ߨሻ DW
HDFK ORFDWLRQ DUH ILUVW GHFRPSRVHG DORQJ WKH HDVWHUO\ DQG QRUWKHUO\ D[HV LQ WKH
&DUWHVLDQ FRRUGLQDWHV DV  ݓௗ DQG  ݓௗ UHVSHFWLYHO\ EHIRUH WKH DSSOLFDWLRQ RI
WKH$5RU9$5PRGHO7KXVWKHWHUPVLQHTXDWLRQV-DUHUHGHILQHGDV 
ݖǁ࢚ᇱ ൌ ൤ݖǁ௖௧ݖǁ௦௧൨ ݑᇱ ൌ ቂݑ௖ݑ௦ቃ ߚ௜ᇱ ൌ ቈߚ௖௖௜ߚ௦௖௜ ߚ௖௦௜ߚ௦௦௜ ቉ ݁௧ᇱ ൌ ቂ݁௖௧݁௦௧ቃ 
(DFKORFDWLRQKDVWZRWLPHVHULHV ݖǁ௖௧ DQGݖǁ௦௧FRQVLVWLQJRIWKHHDVWHUO\FRPSRQHQWV ݓௗ DQG WKH QRUWKHUO\ FRPSRQHQWV  ݓௗ ZKLFK UDQJH EHWZHHQ െ ? DQG ൅ ?
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UHVSHFWLYHO\,QWKLVZD\DQ$5PRGHOIRUZLQGGLUHFWLRQIRUHFDVWLQJFDQEHUHJDUGHG
DVD9$5PRGHOZLWK WZRYDULDEOHV >@:KHQXVLQJD9$5PRGHO WRSUHGLFW
ZLQGGLUHFWLRQWKHWHUPVLQHTXDWLRQ-DUHUHGHILQHGDV 
ࢆ෩࢚ᇱ ൌ ۏێێێ
ۍݖǁଵ௖௧ݖǁଵ௦௧ڭݖǁ௄௖௧ݖǁ௄௦௧ےۑۑ
ۑې
 ࢛ᇱ ൌ ۏێێێ
ۍݑଵ௖ݑଵ௦ڭݑ௄௖ݑ௄௦ےۑۑۑ
ې
 ࡭௜ᇱ ൌ ۏێێێ
ێۍ ܣଵ௖ଵ௖௜ ܣଵ௖ଵ௦௜ܣଵ௦ଵ௖௜ ܣଵ௦ଵ௦௜ ǥ ܣଵ௖௄௖௜ǥ ܣଵ௦௄௖௜ ܣଵ௖௄௦௜ܣଵ௦௄௦௜ڭ ڭܣ௄௖ଵ௖௜ ܣ௄௖ଵ௦௜ ڰ ڭǥ ܣ௄௖௄௖௜ ڭܣ௄௖௄௦௜ܣ௄௦ଵ௖௜ ܣ௄௦ଵ௦௜ ǥ ܣ௄௦௄௖௜ ܣ௄௦௄௦௜ ےۑۑۑ
ۑې
 ࡱ࢚ᇱ ൌ ۏێێێ
ۍ݁ଵ௖௧݁ଵ௦௧ڭ݁௄௖௧݁௄௦௧ےۑۑۑ
ې
 
ZKHUH IRXU UHGHILQHG WHUPVKDYH WKHVL]HRI ሺ ?ܭ ൈ  ?ሻ ሺ ?ܭ ൈ  ?ሻ ሺ ?ܭ ൈ  ?ܭሻ DQGሺ ?ܭ ൈ  ?ሻ UHVSHFWLYHO\ 7KHQ WKH ZLQG GLUHFWLRQ IRUHFDVW LV GHWHUPLQHG EDVHG RQ
SUHGLFWLRQVRIWKHHDVWHUO\DQGQRUWKHUO\FRPSRQHQWV 
3.2.5. 3UREDELOLVWLFIRUHFDVWLQJ 
0DQ\XVHUVRIIRUHFDVWVLQFOXGLQJSRZHUV\VWHPRSHUDWRUVZRXOGOLNHWRNQRZQRW
RQO\ ZKDW WKH µEHVW¶ IRUHFDVW LV EXW DOVR KRZ ZURQJ LW PLJKW EH LH WR KDYH D
SUREDELOLVWLF IRUHFDVW WKDW JLYHV WKH SUREDELOLW\ RI WKH WUXH YDOXH RI WKH IRUHFDVWHG
TXDQWLW\O\LQJZLWKLQDFHUWDLQUDQJH>@:KHQSURGXFLQJDSUREDELOLVWLFIRUHFDVW
WKHDLPLVWRPD[LPL]HWKHVKDUSQHVVRISUHGLFWLYHSUREDELOLW\GLVWULEXWLRQVVXEMHFWWR
D FDOLEUDWLRQ WR PLQLPL]H WKH XQFHUWDLQW\ >@ 7KH FDOLEUDWLRQ UHSUHVHQWV WKH
VWDWLVWLFDOFRQVLVWHQF\EHWZHHQWKHSUHGLFWLYHGLVWULEXWLRQVDQGWKHREVHUYDWLRQV>@
7KHVKDUSQHVVUHIHUVWRWKHVSUHDGRUFRQFHQWUDWLRQRIWKHSUHGLFWLYHGLVWULEXWLRQ>@
ZKLFK FDQ EH UHSUHVHQWHG E\ WKH DYHUDJH ZLGWK RI FHQWUDO SUHGLFWLRQ LQWHUYDOV
6KDUSHU RU PRUH FRQFHQWUDWHG SUHGLFWLYH GLVWULEXWLRQV DUH SUHIHUUHG XQGHU WKH
FRQVWUDLQWRIFDOLEUDWLRQ7KHKLVWRJUDPRISUREDELOLW\LQWHJUDOWUDQVIRUP3,7LVDQ
HIIHFWLYHWRROWRDVVHVVWKHFDOLEUDWLRQRISUREDELOLVWLFIRUHFDVWV,QWKLVFDVHWKH3,7
LVWKHYDOXHRIWKHSUHGLFWLYHFXPXODWLYHGLVWULEXWLRQIXQFWLRQ&')HYDOXDWHGDWWKH
REVHUYDWLRQ >@ $Q DSSUR[LPDWHO\ XQLIRUP 3,7 KLVWRJUDP UHYHDOV SUREDELOLVWLF
IRUHFDVWVWREHQHDUO\IXOO\FDOLEUDWHG 
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3.2.5.1. 3UHGLFWLYHSUREDELOLW\GLVWULEXWLRQV 
:KHQHVWDEOLVKLQJDSUREDELOLVWLF IRUHFDVWLQJPRGHO LW LVQHFHVVDU\ WRSUHGHILQHDQ
DSSURSULDWH W\SH RI SUREDELOLW\ GLVWULEXWLRQ IRU WKH IRUHFDVW YDULDEOH ZLWK WKH
XQNQRZQ SUHGLFWLYH FHQWUH DQG VSUHDG RU FRQFHQWUDWH SDUDPHWHU ZKLFK ZLOO EH
GHWHUPLQHGIURPKLVWRULFWLPHVHULHV7KHSUREDELOLW\GLVWULEXWLRQRIWKHIRUHFDVWHUURU
RUWKHSUHGLFWDQGLHWKHVXPRIWKHIRUHFDVWHUURUDQGLWVDFWXDOYDOXHDWDSDUWLFXODU
IXWXUHWLPHLVXVXDOO\DVVXPHGWREH*DXVVLDQ>@7KHSUHGLFWLRQGLVWULEXWLRQRIDLU
WHPSHUDWXUHLVWKHUHIRUHWDNHQWREHQRUPDOGHQRWHGE\ ፼ሺߤ௔ǡ ߪ௔ሻ DVVKRZQLQ)LJ
-$WUXQFDWHGQRUPDOGLVWULEXWLRQZLWKDFXW-RIIDW]HURGHQRWHGE\ ፼ାሺߤ௩ǡ ߪ௩ሻ LV
HPSOR\HGDVWKHSUHGLFWLYHGLVWULEXWLRQRIZLQGVSHHGGXHWRLWVQRQ-QHJDWLYLW\>@
DV VKRZQ LQ )LJ - 6LQFH SUREDELOLVWLF IRUHFDVWLQJ DLPV WR TXDQWLI\ WKH SRVVLEOH
VL]HRI WKH IRUHFDVW HUURU WKH:HLEXOOGLVWULEXWLRQ WKDW LVXVXDOO\XVHG WRPRGHO WKH
GLVWULEXWLRQ RI ZLQG VSHHG WLPH VHULHV RYHU D \HDU >@ PD\ EH QRW DQ DSSURSULDWH
UHSUHVHQWDWLRQ IRU WKH GLVWULEXWLRQ RI WKH ZLQG VSHHG IRUHFDVW HUURU DW D SDUWLFXODU
IXWXUH PRPHQW ,Q RUGHU WR DGGUHVV WKH FLUFXODU SURSHUWLHV RI ZLQG GLUHFWLRQ WKH
SUHGLFWLYH GLVWULEXWLRQ RI ZLQG GLUHFWLRQ LV DVVXPHG WR EH YRQ 0LVHV GHQRWHG E\ܸܯሺߤఏǡ ߢሻ DV VKRZQ LQ)LJ-ZKLFK LV UHJDUGHGDV WKHFLUFXODUDQDORJXHRI WKH
*DXVVLDQ GLVWULEXWLRQ >@ 7KHLU SUREDELOLW\ GHQVLW\ IXQFWLRQV 3')V IRU ܮ VWHSV
DKHDGDUHGHILQHGDV>@ 
ఓ݂ೌǡ೟శಽǡఙೌǡ೟శಽ፼ ሺݔ௔ሻ ൌ  ?ߪ௔ǡ௧ା௅ ׎ ቆݔ௔ െ ߤ௔ǡ௧ା௅ߪ௔ǡ௧ା௅ ቇǡݔ௔ א ሺെ ?ǡ  ? ሻ - 
ఓ݂ೡǡ೟శಽǡఙೡǡ೟శಽ፼శ ሺݔ௩ሻ ൌ  ?ߪ௩ǡ௧ା௅ ׎ ൬ݔ௩ െ ߤ௩ǡ௧ା௅ߪ௩ǡ௧ା௅ ൰ ? െ ߔ ൬െߤ௩ǡ௧ା௅ߪ௩ǡ௧ା௅൰ ǡݔ௩ א ሾ ?ǡ  ?ሻ -  ఓ݂ഇǡ೟శಽǡ఑೟శಽ௏ெ ሺݔఏሻ ൌ ݁఑೟శಽ ୡ୭ୱ൫௫ഇିఓഇǡ೟శಽ൯ ?ߨܫ଴ሺߢ௧ା௅ሻ ǡݔఏ א ሾെߨǡ ߨሻ - 
ZKHUH WHUPV ߤ௔ǡ௧ା௅  DQG ߤ௩ǡ௧ା௅  DUH WKH SUHGLFWLYH FHQWUHV DQG WHUPV ߪ௔ǡ௧ା௅  DQGߪ௩ǡ௧ା௅ DUHWKHSUHGLFWLYHVSUHDGVRISUREDELOLW\GLVWULEXWLRQVIRUWKH ܮ-VWHS-DKHDGDLU
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WHPSHUDWXUH DQG ZLQG VSHHG IRUHFDVWV UHVSHFWLYHO\ 7KH ܮ-VWHS-DKHDG SUHGLFWLYH
FHQWUHDQGFRQFHQWUDWLRQSDUDPHWHURIDYRQ0LVHVGLVWULEXWLRQIRUZLQGGLUHFWLRQDUH
GHQRWHGE\ ߤఏǡ௧ା௅ א ሾെߨǡ ߨሻ DQG ߢ௧ା௅ א ሾ ?ǡ  ?ሻ ׎ሺ ?ሻ DQG ߔሺ ?ሻ UHSUHVHQWWKH3')
DQG&')RIDVWDQGDUGQRUPDOGLVWULEXWLRQUHVSHFWLYHO\ ܫ଴ሺ ?ሻ UHIHUVWRWKHPRGLILHG
%HVVHOIXQFWLRQRIWKHILUVWNLQGRIRUGHU]HUR 
 
)LJ-3UREDELOLW\GHQVLW\ IXQFWLRQVRIDQRUPDORU*DXVVLDQGLVWULEXWLRQDQGDWUXQFDWHGQRUPDO
GLVWULEXWLRQZLWKDFXW-RIIDW]HURERWKKDYLQJDPHDQRIRQHDQGDVWDQGDUGGHYLDWLRQRIRQH 
 
)LJ - 3UREDELOLW\ GHQVLW\ IXQFWLRQV RI YRQ 0LVHV GLVWULEXWLRQV ZLWK WKH VDPH PHDQ RI ߨ  ? ?  DQG
GLIIHUHQWFRQFHQWUDWLRQSDUDPHWHUVHTXDOWRDQG 
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7KH FHQWUHV RI SUHGLFWLYH GLVWULEXWLRQV FDQ EH PRGHOOHG DV D VXP RI UHVLGXDOV
SUHGLFWHGE\WKH$5RU9$5IRUHFDVWLQJPRGHOVDQGWKHFRUUHVSRQGLQJGLXUQDOWUHQGV
ILWWHG E\ )RXULHU VHULHV &RQGLWLRQDO KHWHURVFHGDVWLFLW\ FRQVLGHUV WKH VSUHDG RU
FRQFHQWUDWLRQSDUDPHWHURISUHGLFWLYHGLVWULEXWLRQWREHWLPHYDULDEOH7KHSUHGLFWLYH
VSUHDG ߪ௧ା௅ RU FRQFHQWUDWLRQ SDUDPHWHU ߢ௧ା௅ IRU ܮ VWHSV DKHDG LV PRGHOOHG DV D
OLQHDU IXQFWLRQ RI WKH URRW PHDQ VTXDUH RI UHFHQW FKDQJHV LQ UHVLGXDOV ܴ݁ݏ DW WKH
WDUJHW ORFDWLRQ IRU DLU WHPSHUDWXUH DQG ZLQG VSHHG DVVHVVHG RYHU  KRXU DV LQ
HTXDWLRQ -)RUZLQGGLUHFWLRQ GXH WR LWV FLUFXODUQDWXUH WKH FRQFHQWUDWLRQRI
UHFHQWREVHUYDWLRQVDWWKHWDUJHWORFDWLRQLVXVHGLQWKLV UHVHDUFKRYHUDSHULRGRI
KRXUVDVLQHTXDWLRQ-7KHFRQFHQWUDWLRQRIUHFHQWZLQGGLUHFWLRQREVHUYDWLRQVߢ௢LVFDOFXODWHGEDVHGRQWKHFRGHSURYLGHGE\%HUHQV>@,QWKLVUHVHDUFKVWHSVRI
PLQXWHVDUHXVHGWRUHIOHFWWKHLQSXWGDWD 
ߪ௧ା௅ ൌ ܿ଴ ൅ ܿଵ ቎ ? ?෍൫ܴ݁ݏ௧ି௝ െ ܴ݁ݏ௧ି௝ିଵ൯ଶସ௝ୀ଴ ቏
ଵଶ
 - 
ߢ௧ା௅ ൌ ܿܿ଴ ൅ ܿܿଵߢ௢ - 
ZKHUH ܿ଴ ܿଵ ܿܿ଴ DQG ܿܿଵ DUHQRQ-QHJDWLYHFRHIILFLHQWV7KHH[SHULPHQWDO UHVXOWV
REWDLQHG VXJJHVW WKDW WKH VHOHFWHG OHQJWKVRIRQH DQG WZRKRXUVXVHG WRPRGHO WKH
FRQGLWLRQDOKHWHURVFHGDVWLFLW\ UHVXOW LQ DQ HIIHFWLYHSUREDELOLVWLF IRUHFDVWLQJPRGHO
7KH KRPRVFHGDVWLF PRGHO ZKLFK DVVXPHV D FRQVWDQW VSUHDG RU FRQFHQWUDWLRQ
SDUDPHWHU LV DOVR FRQVWUXFWHG DV D FRPSDULVRQ WR DQDO\VH WKH DGYDQWDJHV RI WKH
FRQGLWLRQDOO\KHWHURVFHGDVWLFPRGHO 
3.2.5.2. &RQWLQXRXVUDQNHGSUREDELOLW\VFRUH 
$ WHFKQLTXH RI PLQLPXP FRQWLQXRXV UDQNHG SUREDELOLW\ VFRUH &536 HVWLPDWLRQ
SURSRVHGE\*QHLWLQJ>@LVXVHGWRHVWLPDWHWKHSUHGLFWLYHSUREDELOLW\GLVWULEXWLRQV
RI ZHDWKHU YDULDEOHV 7KH &536 LV RQH RI WKH VFRULQJ UXOHV DQG FDQ EH XVHG DV D
VXPPDU\ LQGLFDWRU WR DVVHVV SHUIRUPDQFH RI SUREDELOLVWLF IRUHFDVWLQJ PRGHOV ZLWK
UHVSHFWWRWKHFDOLEUDWLRQDQGVKDUSQHVV>@ 
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)RUDSRLQWIRUHFDVWLQJDVVHVVPHQWWKHVFRULQJUXOHUHIHUVWRPHDQDEVROXWHHUURURU
URRW PHDQ VTXDUH HUURU WKDW GHVFULEHV WKH GLIIHUHQFHV EHWZHHQ SRLQW IRUHFDVWV DQG
DFWXDO YDOXHV RQ DYHUDJH )RU D SUREDELOLVWLF IRUHFDVWLQJ DVVHVVPHQW D QXPHULFDO
VFRUH LV DVVLJQHG WR HDFK SUREDELOLVWLF IRUHFDVW DFFRUGLQJ WR WKH SUHGLFWLYH
GLVWULEXWLRQDQGWKHREVHUYDWLRQ7KH%ULHUVFRUH%6LVDWUDGLWLRQDOVFRULQJUXOHWR
YHULI\WKHSUHGLFWLRQRIWKHRFFXUUHQFHRIDVSHFLILFHYHQWE\FRQVLGHULQJWZRRSWLRQV
WKDW WKH HYHQW RFFXUV RU GRHV QRW RFFXU >@ 7KH UDQNHG SUREDELOLW\ VFRUH 536
JHQHUDOLVHV WKH %6 E\ GLYLGLQJ WKH UDQJH RI WKH SDUDPHWHU RI LQWHUHVW LQWR PRUH
FODVVHV 7KHQ WKH &536 LV JHQHUDWHG ZKHQ WKH QXPEHU RI FODVVHV LV LQILQLWH
&RPSDUHGZLWKWKH536WKH&536WDNHVDFFRXQWRIWKHZKROHSHUPLVVLEOHUDQJHRI
SDUDPHWHURILQWHUHVWDQGGRHVQRWUHTXLUHWKHSUHGHILQHGFODVVHV>@ 
,QWKHFDVHRISUHGLFWLYHGLVWULEXWLRQHYHQWVDUHFKDUDFWHULVHGLQWHUPVRISHUFHQWLOHV
7KH&536JLYHVDQXPHULFDOVFRUHWRWKHHYHQWEDVHGRQWKHGLIIHUHQFHEHWZHHQWKH
SUHGLFWLYH3') ݂ DQGWKHREVHUYDWLRQ ݔ௢ >@ ܿݎ݌ݏሺ݂ǡ ݔ௢ሻ ൌ න ቈන ݂ሺݕሻ ݀ݕ௫ିஶ െ ܨ௢ሺݔǡ ݔ௢ሻ቉ଶ ݀ݔஶିஶ  - 
ZKHUH ׬ ݂ሺݕሻ ݀ݕ௫ିஶ  UHSUHVHQWV WKH SUHGLFWLYH SUREDELOLW\ IRU ݔ ൒ ݔ௢ ܨ௢ሺݔǡ ݔ௢ሻ LV
WKH+HDYLVLGHIXQFWLRQDQGHTXDOWRLIWKHHYHQWWKDWWKHSHUFHQWLOH ݔ ൒ ݔ௢ KDSSHQV
DQGRWKHUZLVH7KH ܿݎ݌ݏ YDOXHDWDIXWXUHPRPHQWPD\EHUHJDUGHGDVWKHVXPRI
WKHVTXDUHVRIWKHGLIIHUHQFHEHWZHHQ ׬ ݂ሺݕሻ ݀ݕ௫ିஶ  DQG ܨ௢ሺݔǡ ݔ௢ሻ DWHDFKSHUFHQWLOH
ZLWK]HURZLGWK>@7KHDYHUDJHYDOXHRI ܿݎ݌ݏXVHGWRDVVHVVSUREDELOLW\IRUHFDVWV
VKRXOG EH PLQLPLVHG IRU SUREDELOLVWLF IRUHFDVWLQJ )RU OLQHDU YDULDEOHV ZLQG VSHHG
DQGDLUWHPSHUDWXUHHTXDWLRQ-FDQEHZULWWHQHTXLYDOHQWO\DV>@ ܿݎ݌ݏ௟ሺܨ௟ǡ ݔ௢ሻ ൌ ܧሼȁܺ െ ݔ௢ȁሽ െ  ? ?ܧሼȁܺ െ ܺᇱȁሽ - 
ZKHUH ܺ DQG ܺᇱ UHSUHVHQW LQGHSHQGHQW UDQGRPVDPSOHV IURPWKH OLQHDUSUHGLFWLYH
&') ܨ௟  DQG ܧሼ ?ሽ GHQRWHV WKH H[SHFWDWLRQ RSHUDWRU 7KH H[SUHVVLRQV GHULYHG E\
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*QHLWLQJ FDQ EH GLUHFWO\ XVHG WR FDOFXODWH WKH ܿݎ݌ݏ௟  YDOXH IRU WKH QRUPDO
GLVWULEXWLRQ ፼ሺߤǡ ߪሻ >@DQGWKHWUXQFDWHGQRUPDOGLVWULEXWLRQZLWKDFXW-RIIDW]HUR፼ାሺߤǡ ߪሻ >@ ܿݎ݌ݏሺ፼ሺߤǡ ߪଶሻǡ ݔ௢ሻ ൌ ɐ ൜ݔ௢ െ ߤߪ ቂ ?ߔ ቀݔ௢ െ ߤߪ ቁ െ  ?ቃ ൅ ?׎ቀݔ௢ െ ߤߪ ቁ െ  ? ?ߨൠ - 
 ܿݎ݌ݏሺ፼ାሺߤǡ ߪଶሻǡ ݔ௢ሻ  ൌ ߪߔ ቀߤߪቁିଶ ൈ ൜ݔ௢ െ ߤߪ ߔ ቀߤߪቁ ቂ ?ߔ ቀݔ௢ െ ߤߪ ቁ ൅ ߔ ቀߤߪቁ െ  ?ቃ൅  ?׎ቀݔ௢ െ ߤߪ ቁ ߔ ቀߤߪቁ െ  ? ?ߨ ߔ ቀ ? ?ߤߪቁൠ - 
7KHFLUFXODU ܿݎ݌ݏ௖ IRUZLQGGLUHFWLRQIRUHFDVWLQJLVHVWLPDWHGE\XVLQJWKHDQJXODU
GLVWDQFH Ƚሺ ?ሻ LQVWHDGRIWKH(XFOLGHDQGLVWDQFHLQHTXDWLRQ->@ ܿݎ݌ݏ௖ሺܨ௖ǡ ߠ௢ሻ ൌ ܧሼߙሺ߆ǡ ߠ௢ሻሽ െ  ? ?ܧሼߙሺ߆ǡ ߆כሻሽ - 
ZKHUH ߆  DQG ߆כ  UHSUHVHQW WKH LQGHSHQGHQW UDQGRPO\ VDPSOHG ZLQG GLUHFWLRQV
IURP WKH FLUFXODU SUHGLFWLYH &') ܨ௖ 7KH WHUP ߠ௢ UHSUHVHQWV WKH REVHUYHG ZLQG
GLUHFWLRQ7KHDQJXODUGLVWDQFH Ƚሺ ?ሻ LVGHILQHGDV Ƚሺߠଵǡ ߠଶሻ ൌ ൜ ȁߠଵ െ ߠଶȁ݂݋ݎ ? ൑ȁߠଵ െ ߠଶȁ ൏ ߨ ?ߨ െȁߠଵ െ ߠଶȁ݂݋ݎߨ ൑ ȁߠଵ െ ߠଶȁ ൏  ?ߨ - 
ZKHUH ߠଵ DQG ߠଶ DUH WZR UDQGRPGLUHFWLRQVZLWKLQ WKH LQWHUYDO ሾെߨǡ ߨሻ7KH ILUVW
WHUPRQWKHULJKW-KDQGVLGHRIHTXDWLRQ-FDQEHH[SUHVVHGDV>@ ܧሼߙሺ߆ǡ ߠ௢ሻሽ ൌ  ? ?ߨܫ଴ሺߢሻ න ߙሺݔఏǡ ߠ௢ሻ݁఑ ୡ୭ୱሺ௫ഇିఓഇሻగିగ ݀ݔఏ - 
ZKHUH ߤఏ  LV WKH SUHGLFWLYH FHQWUH RI YRQ 0LVHV GLVWULEXWLRQ ,W LV IRXQG WKDWܧሼߙሺ߆ǡ ߠ௢ሻሽ LV RQO\ GHSHQGHQW RQ WKH FRQFHQWUDWLRQ SDUDPHWHU ߢ DQG WKH DQJXODU
GLVWDQFHEHWZHHQ ߠ௢ DQG ߤఏ7KHUHIRUH D ORRN-XS WDEOH IRU ܧሼߙሺ߆ǡ ߠ௢ሻሽ LQ WHUPV
RIERWK ߢ ZLWKDFFXUDF\RI  ?Ǥ ? DQG ߙሺߠ௢ ǡ ߤఏሻ ZLWKDFFXUDF\RI  ?Ǥ ? ? ? ?  ?Ǥ ?௢ LV
EXLOW XS LQ RUGHU WR UHGXFH FRPSXWDWLRQ WLPH GXH WR LWHUDWLYH FDOFXODWLRQ IRU WKH
GHWHUPLQDWLRQ RI PRGHO SDUDPHWHUV +RZ WKH YDOXH RI ܧሼߙሺ߆ǡ ߠ௢ሻሽ YDULHV ZLWK ߢ
IRUW\SLFDOYDOXHVRI ߙሺߠ௢ ǡ ߤఏሻ LVVKRZQLQ)LJ->@ 
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)LJ- ܧሼߙሺ߆ǡ ߠ௢ሻሽ YDU\LQJZLWK ߢ XQGHUW\SLFDO ߙሺߠ௢ǡ ߤఏሻ YDOXHV>@ 
7KHVHFRQGWHUPRQWKHULJKW-KDQGVLGHRIHTXDWLRQ-LVRQO\GHSHQGHQWRQ ߢ,W
HTXDOV ߨ  ? ?  IRU ߢ ൌ  ? DQG LV DSSUR[LPDWHG WR  ? ሺ ?ߨߢሻଵ ଶ ? ?  ZKHQ ߢ DSSURDFKHV
LQILQLW\൒  ? ? ?>@7KHVHFRQGWHUPIRU  ? ൏ ߢ ൏ ? ? ? LVFDOFXODWHGE\VWDQGDUG
0RQWH &DUOR LQWHJUDWLRQ >@ $ ORRN-XS WDEOH LV DOVR EXLOW IRU WKH VHFRQG WHUPଵଶ ܧሼߙሺ߆ǡ ߆כሻሽ LQ WHUPV RI ߢ ZLWK DFFXUDF\ RI  DQG LV VPRRWKHG E\ WKH ORZHVV
WHFKQLTXH>@DFFRUGLQJWRWKHSURFHGXUHLQ>@+RZWKHYDOXHRI ଵଶ ܧሼߙሺ߆ǡ ߆כሻሽ
YDULHVZLWKWKHFRQFHQWUDWLRQSDUDPHWHU  ? ൑ ߢ ൑ ? ? ? LVSORWWHGLQ)LJ->@ 
 
)LJ- ଵଶ ܧሼߙሺ߆ǡ ߆כሻሽ YDU\LQJZLWK ߢ >@ 
7KH SDUDPHWHUV LQ WKH $5 DQG 9$5 IRUHFDVWLQJ PRGHOV DQG WKH FRHIILFLHQWV
UHSUHVHQWLQJ WKH SUHGLFWLYH VSUHDG RU FRQFHQWUDWLRQ SDUDPHWHU DUH GHWHUPLQHG ZLWK
WKHREMHFWLYHRIPLQLPLVLQJ WKH DYHUDJHYDOXHRI ܿݎ݌ݏ௟ RU ܿݎ݌ݏ௖ ,QLWLDO YDOXHVRI
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WKH$5DQG9$5SDUDPHWHUVDUHGHWHUPLQHGIURPWKHGH-WUHQGHGGDWDDWHDFKORFDWLRQ
XVLQJOHDVWVTXDUHVHVWLPDWLRQ>@,QLWLDOYDOXHVRIWKHQRQ-QHJDWLYHFRHIILFLHQWV
PRGHOOLQJWKHVSUHDGRUFRQFHQWUDWLRQSDUDPHWHUDUHVHWWREHDQGUHVSHFWLYHO\
7KHGHSHQGHQFLHVRIWKHSUREDELOLW\GLVWULEXWLRQRIZLQGGLUHFWLRQ ܧሼߙሺ߆ǡ ߠ௢ሻሽ DQGଵଶ ܧሼߙሺ߆ǡ ߆כሻሽ RQFRQFHQWUDWLRQSDUDPHWHU ߢ KDYHEHHQH[SORUHGDVVKRZQLQ)LJV
-DQG-DQG WKHUH LV OLWWOHFKDQJH IRU ߢ RYHU7KHUHIRUH ߢ LV OLPLWHG WRD
PD[LPXPYDOXHRI  ? ? ? >@ 
3.3. 5HVXOWVDQG0RGHO9DOLGDWLRQRI3RLQW)RUHFDVWLQJ 
7KLV VHFWLRQZLOOGHYHORSGLIIHUHQW WLPHVHULHV IRUHFDVWLQJPRGHOV WRHVWLPDWHSRLQW
IRUHFDVWVIRUHDFKZHDWKHUYDULDEOHXVLQJDQDXWR-UHJUHVVLYHSURFHVVWKDWLVFRPELQHG
ZLWK WKH )RXULHU VHULHV EDVHG GH-WUHQGLQJ PHWKRG 7KURXJK D FRPSDULVRQ EHWZHHQ
WKHLU SHUIRUPDQFHV LQ WHUPV RI WKH URRW PHDQ VTXDUH HUURUV RI SUHGLFWLRQV IRU D
QXPEHURIWLPHVWHSVDKHDG WKHSRLQWIRUHFDVWLQJPRGHOV WKDWSURYLGHDUHDVRQDEOH
IRUHFDVWDFFXUDF\DUHVHOHFWHGWRPRGHOSUHGLFWLYHFHQWUHVRISUHGLFWLYHGLVWULEXWLRQV 
3.3.1. $LUWHPSHUDWXUHIRUHFDVWLQJ 
$ SHUVLVWHQFH IRUHFDVWLQJ PHWKRG WKDW VXSSRVHV WKH SUHGLFWLRQV LQ WKH IXWXUH EHLQJ
HTXDOWRWKHSUHVHQWYDOXHV>@PD\ZRUNZHOOIRUWKHYHU\-VKRUW-WHUPSUHGLFWLRQRI
DLUWHPSHUDWXUHGXHWRWKHVORZIOXFWXDWLRQRIDLUWHPSHUDWXUH>@,QDGGLWLRQWRWKH
OLQHDU UHJUHVVLRQ-EDVHG IRUHFDVWLQJ PHWKRGV DQ DYHUDJH FKDQJHV PHWKRG DQG D
SUHFHGHQW-EDVHG IRUHFDVWLQJ PHWKRG ZHUH GHYHORSHG LQ >@ WR SUHGLFW DLU
WHPSHUDWXUHDFFRUGLQJWRWKHVLPLODULWLHVRIDLUWHPSHUDWXUHYDULDWLRQVRYHUWKHVDPH
SHULRGVLQGLIIHUHQWGD\V>@DQDYHUDJHFKDQJHVPHWKRGHVWLPDWHGDLUWHPSHUDWXUH
DWRQHIXWXUHPRPHQWDVDQDYHUDJHRIKLVWRULFYDOXHVWKDWZHUHUHFRUGHGDWWKHVDPH
WLPH SRLQW ZLWKLQ UHFHQW GD\V WKH SUHFHGHQW-EDVHG IRUHFDVWLQJ PHWKRG ILUVW
GHWHUPLQHG WKH KLVWRULF WLPH VHULHV VHJPHQWV RI DLU WHPSHUDWXUH WKDW KDG KLJK
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VLPLODULWLHV ZLWK WKH FXUUHQW VHJPHQW DQG WKHLU VXEVHTXHQW REVHUYDWLRQV ZHUH WKHQ
DYHUDJHGDVWKHDLUWHPSHUDWXUHIRUHFDVWIROORZLQJWKHFXUUHQWVHJPHQW>@ 
7KHGH-WUHQGHGGDWDZDVXVHG LQ >@ WR WUDLQ DQ DUWLILFLDO QHXUDO QHWZRUN $11
PRGHOIRUVKRUW-WHUPDLUWHPSHUDWXUHIRUHFDVWLQJ$EHWWHUSHUIRUPDQFHZDVDFKLHYHG
E\XVLQJ WZR$11PRGHOVZKLFKZHUH WUDLQHGEDVHGRQ WKHGH-WUHQGHGGDWDRIDLU
WHPSHUDWXUHV LQ ZDUP PRQWKV $SULO WR 6HSWHPEHU DQG WKRVH LQ FROG PRQWKV
2FWREHU WR0DUFKVHSDUDWHO\+RZHYHU<DQJ>@PHQWLRQHGVRPHGLVDGYDQWDJHV
RI DQ $11 PRGHO VXFK DV FRPSXWDWLRQ WLPH DQG WKH ULVN RI XQGHU-ILWWLQJ RU
RYHU-ILWWLQJZKLFKPLJKWLQFUHDVHWKHRXW-RI-VDPSOHIRUHFDVWLQJHUURUV 
<DQJ >@ PRGHOOHG DLU WHPSHUDWXUH¶V DQQXDO PRYHPHQW E\ PRQWK DQG WKH GLXUQDO
PRYHPHQWE\KRXUEDVHGRQ)RXULHUVHULHV7KH)RXULHUFRHIILFLHQWVZHUHHVWLPDWHG
IURPKLVWRULFWLPHVHULHVRIDLU WHPSHUDWXUHXVLQJOHDVWVTXDUHVHVWLPDWLRQDQGZHUH
WKHQXVHG WRSUHGLFW WKH IXWXUHPRYHPHQWVRI DLU WHPSHUDWXUH7KLV LV WKH VR-FDOOHG
µ)RXULHU VHULHV IRUHFDVWLQJPRGHO¶7KH IRUHFDVW DFFXUDF\DFKLHYHG LQ <DQJ¶VZRUN
PD\ EH LPSURYHG LI WKH GHYLDWLRQV IURP WHPSRUDO PRYHPHQWV RU WUHQGV LH WKH
GH-WUHQGHGGDWDDUHDGGLWLRQDOO\ IRUHFDVWE\DQ$5RU9$5PRGHO ,Q WKLVVHFWLRQ
WKHSRLQWIRUHFDVWRIDLUWHPSHUDWXUHZLOOEHHVWLPDWHGDVDVXPRIWKHGH-WUHQGHGGDWD
SUHGLFWHGE\WKH$5RU9$5IRUHFDVWLQJPRGHOVDQGWKHFRUUHVSRQGLQJGLXUQDOWUHQG
ILWWHGE\)RXULHUVHULHV 
3.3.1.1. $5DQG9$5PRGHOYDOLGDWLRQSURFHGXUH 
$LU WHPSHUDWXUH IRUHFDVWV DUH GHWHUPLQHG EDVHG RQ KLVWRULF REVHUYDWLRQV ZLWKLQ D
VOLGLQJWUDLQLQJZLQGRZIURPZKLFKWKHGLXUQDOWUHQGVDUHILUVWH[WUDFWHGE\WKHQG
RUGHU)RXULHUVHULHVIRUHDFKZHDWKHUVWDWLRQDVVKRZQLQ)LJ-7KHSDUDPHWHUVLQ
WKH $5 DQG 9$5 IRUHFDVWLQJ PRGHOV DUH WKHQ HVWLPDWHG IURP WKH GH-WUHQGHG GDWD
ZLWKLQ WKH WUDLQLQJZLQGRZIRUHDFKVWDWLRQXVLQJ OHDVWVTXDUHVHVWLPDWLRQ>@
7KHIRUHFDVWVRIUHVLGXDOVDQGWKHFRUUHVSRQGLQJILWWHGGLXUQDOWUHQGVDUHDGGHGXSDV
SRLQWIRUHFDVWVRIDLUWHPSHUDWXUH 
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)LJ - 'LXUQDO WUHQGV PRGHOOHG IURP DLU WHPSHUDWXUH REVHUYDWLRQV IURP  RQ  WR
RQDWVWDWLRQVDQG 
$VQRWHGLQ6HFWLRQDSRLQWIRUHFDVWLQJPRGHO¶VSHUIRUPDQFHFDQEHDVVHVVHG
LQ WHUPVRI WKHURRWPHDQVTXDUHHUURU 506(RISUHGLFWLRQV >@7KH OHQJWKRI
VOLGLQJWUDLQLQJZLQGRZZLOOEHGHWHUPLQHGDVWKDWZKLFKJLYHVWKHEHVWLPSURYHPHQW
LQ 506( RYHU SHUVLVWHQFH IRUHFDVWLQJ ,Q DGGLWLRQ WR WKH LQVSHFWLRQ RI SDUWLDO
DXWRFRUUHODWLRQIXQFWLRQV>@DVLQWURGXFHGLQ6HFWLRQWKHRUGHUVRIWKH$5
DQG9$5PRGHOVFDQEHGHWHUPLQHGE\WKHFRPSDULVRQRIIRUHFDVWHUURUVIRUGLIIHUHQW
PRGHORUGHUV>@ 
,QRUGHUWRGHWHUPLQHWKHZLQGRZOHQJWKVDQRUGHURILVLQLWLDOO\XVHGIRUERWK$5
DQG9$5PRGHOVEDVHGRQ+LOO¶VZRUN>@LQZKLFKYDU\LQJWKHRUGHUIURPWR
SURGXFHGOHVV WKDQ  ? ? LPSURYHPHQWLQ506(RI-VWHS-DKHDGIRUHFDVWVRIKRXUO\
ZLQG VSHHG $V DQ LOOXVWUDWLRQ WKH LPSURYHPHQWV RYHU SHUVLVWHQFH LQ 506( RI DLU
WHPSHUDWXUH IRUHFDVWV IRU XS WR  VWHSV KDOI KRXU DKHDG IRU $5 DQG 9$5
PRGHOVZLWKYDU\LQJWUDLQLQJZLQGRZOHQJWKDUHWHVWHGIRUDOOVWDWLRQVDQGWKHUHVXOWV
DWZHDWKHUVWDWLRQDUHVKRZQLQ)LJ-ZKHUHWKH506(RISHUVLVWHQFHIRUHFDVWV
IRUHDFKWLPHVWHSDKHDGLV  ?Ǥ ? ? ? ?Ԩ  ?Ǥ ? ? ? ?Ԩ DQG  ?Ǥ ? ? ? ?Ԩ UHVSHFWLYHO\ 
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)LJ-,PSURYHPHQWRYHUSHUVLVWHQFHLQ506(RIDLU WHPSHUDWXUHIRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVZLWKYDU\LQJWUDLQLQJZLQGRZOHQJWKDWVWDWLRQ 
7KHH[SHULPHQWDOUHVXOWVGHPRQVWUDWHWKDWDWKHSHUIRUPDQFHRI$5DQG9$5
PRGHOVZLWKDZLQGRZOHQJWKRIVPDOOHUWKDQGD\VDUHZRUVHWKDQWKHSHUVLVWHQFH
IRUHFDVWLQJ EJLYHQD VXIILFLHQWO\ ORQJ WUDLQLQJZLQGRZ9$5PRGHOVSHUIRUP
EHWWHU WKDQ $5 PRGHOV F WKH LPSURYHPHQW RYHU SHUVLVWHQFH IRU $5 DQG
9$5PRGHOVDUHXVXDOO\PRUHVLJQLILFDQWZLWKWKHIRUHFDVWKRUL]RQJRLQJIXUWKHU
DQGGDOWKRXJKWKHUHZLOOEHDUDQJHRIHIIHFWLYHWUDLQLQJZLQGRZOHQJWKVGD\V
DUHUHDVRQDEOHFKRLFHVIRUERWK$5DQG9$5PRGHOVKHUHVLQFHWKHVHOHFWHG OHQJWK
KDYHEHHQIRXQGWRZRUNZHOOIRUDOOZHDWKHUVWDWLRQV,WLVQRWHGWKDWDQLQFUHDVHG
WUDLQLQJZLQGRZOHQJWKGRHVQRWQHHGH[WUDFRPSXWDWLRQWLPH7KH9$5IRUHFDVWLQJ
PRGHOVZLWKD-GD\VOLGLQJWUDLQLQJZLQGRZDUHVKRZQWRKDYHVLPLODUDFFXUDFLHV
WR WKRVH WKDW XVH D WUDLQLQJ ZLQGRZ RI  GD\V DW ZHDWKHU VWDWLRQ  7KLV PD\ EH
EHFDXVHWKHDXWR-UHJUHVVLYHSDUDPHWHUVGHULYHGIURPDORQJHUWUDLQLQJZLQGRZZRXOG
DFFXUDWHO\ UHSUHVHQW WKH FRUUHODWLRQV EHWZHHQ WKH GH-WUHQGHG GDWD DV WKH VWDWLVWLFDO
YDULDELOLW\ LV UHGXFHG LQ WKH HVWLPDWLRQ ZKHUHDV WKH VHDVRQDO YDULDWLRQV LQ DLU
WHPSHUDWXUHUHIOHFWHGE\WKHILWWHGGLXUQDOWUHQGVZRXOGEHVPRRWKHGWRVRPHH[WHQW
DQGYLFHYHUVD>@ 
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,QRUGHUWRFRQILUPWKHPRGHOV¶RUGHUVWKHDLUWHPSHUDWXUHIRUHFDVWVIRUXSWRVWHSV
DKHDGDWZHDWKHUVWDWLRQSURGXFHGE\WKH$5DQG9$5PRGHOVRIGLIIHUHQWRUGHUV݌ DUHFRPSDUHGZLWKSHUVLVWHQFHIRUHFDVWVDVVKRZQLQ)LJ-,WLVIRXQGWKDWOHVV
WKDQ LPSURYHPHQWV DUH DFKLHYHG IRUDLU WHPSHUDWXUH IRUHFDVWV IRUXS WR VWHSV
KDOI KRXU DKHDG ZKHQ RUGHUV DUH JUHDWHU WKDQ  )XUWKHUPRUH WKH 9$5 PRGHO LV
JHQHUDOO\VKRZQWRJLYHDORZHU506(WKDQWKH$5PRGHORIDVDPHRUGHUGXHWRWKH
DGGLWLRQDOFDSWXUHRIWKHVSDWLDOFRUUHODWLRQVDPRQJWKHILHOGGDWD>@7KHUHIRUHD
9$5PRGHOZLWKDVOLGLQJWUDLQLQJZLQGRZRIGD\VLVDGRSWHGKHUHWRPRGHO
WKHFHQWUHVRISUHGLFWLYHGLVWULEXWLRQVIRUDLUWHPSHUDWXUHIRUXSWRVWHSVDKHDG 
 
)LJ-,PSURYHPHQWRYHUSHUVLVWHQFH LQ506(RIDLU WHPSHUDWXUH IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVRIGLIIHUHQWRUGHUVDWVWDWLRQ 
,WLVQRWHGWKDWDXWR-UHJUHVVLYHSDUDPHWHUVDQG)RXULHUFRHIILFLHQWVDUHXSGDWHGRQFHD
GD\ZKLFKKDVEHHQSURYHGWREHVXIILFLHQWWRJLYHDFFXUDWHIRUHFDVWVLQWKLVUHVHDUFK
)RUH[DPSOHXSGDWLQJWKH9$5PRGHOIURPGDLO\WRKRXUO\DFKLHYHVOHVVWKDQ
LPSURYHPHQWIRU-VWHS-DKHDGDLUWHPSHUDWXUHIRUHFDVWVDWVWDWLRQ 
3.3.2. :LQGVSHHGDQGZLQGGLUHFWLRQIRUHFDVWLQJ 
)RUZLQGVSHHG IRUHFDVWLQJ WKH9$5IRUHFDVWLQJPRGHOZDV VKRZQ WRJLYHJUHDWHU
LPSURYHPHQW RYHU SHUVLVWHQFH WKDQ D VLPSOH $5 IRUHFDVWLQJ PRGHO LQ >@ ZKLFK
VXJJHVWHG WKDW WKH VSDWLDO FRUUHODWLRQV DPRQJ ZLQG VSHHGV DW GLIIHUHQW ORFDWLRQV
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FDSWXUHG E\ WKH 9$5 PRGHO PDGH WKH PDLQ FRQWULEXWLRQ WR WKH LPSURYHPHQW )RU
ZLQGGLUHFWLRQIRUHFDVWLQJDQLQYHUVHRIOLQNIXQFWLRQZDVXVHGLQ>@WRFRQYHUW
FLUFXODU YDULDEOHV ZLQG GLUHFWLRQV WR OLQHDU YDULDEOHV SUHGLFWLRQV RI OLQHDU GDWD
HVWLPDWHG E\ DQ DXWR-UHJUHVVLYH PRYLQJ DYHUDJH $50$ PHWKRG ZHUH WKHQ
FRQYHUWHGEDFNWRWKHFLUFXODUGDWDE\DOLQNIXQFWLRQ,Q(O-)RXO\¶VZRUN>@WKH
IRUHFDVWV RI KRXUO\ ZLQG VSHHG DQG ZLQG GLUHFWLRQ IRU XS WR  KRXUV DKHDG ZHUH
HVWLPDWHG DV D ZHLJKWHG VXP RI KLVWRULF YDOXHV UHFRUGHG DW WKH VDPH WLPH SRLQWV
ZLWKLQ UHFHQW \HDUV VHSDUDWHO\ $OWKRXJK WKH IRUHFDVWLQJ PRGHO SUHVHQWHG LQ >@
SHUIRUPHG EHWWHU WKDQ SHUVLVWHQFH IRUHFDVWLQJ D ODUJH VWRUDJH RI KLVWRULF GDWD ZDV
UHTXLUHG 
:LQGGLUHFWLRQVKDYHEHHQLQFRUSRUDWHGDVDGGLWLRQDOYDULDEOHVLQVHYHUDODSSURDFKHV
WR ZLQG VSHHG IRUHFDVWLQJ $ UHJLPH-VZLWFKLQJ VSDFH-WLPH 567 DSSURDFK ZKLFK
UHOLHG RQ WKH SUH-DQDO\VLV RI ORFDO JHRJUDSKLF IHDWXUHV DQG ZLQG GLUHFWLRQ
REVHUYDWLRQVZDVGHYHORSHGWRPRGHOWKHFHQWUHVRISUHGLFWLYHGLVWULEXWLRQVIRUZLQG
VSHHG>@+RZHYHULWPD\EHFRPSOLFDWHGWRGHWHUPLQHWKHQXPEHUDQGERXQGDULHV
RI WKH UHJLPHV LQ WKH 567 DSSURDFK +HULQJ DQG *HQWRQ >@ SURSRVHG D
WULJRQRPHWULF GLUHFWLRQ GLXUQDO 7'' PRGHO LQ ZKLFK VLQH DQG FRVLQH YDOXHV RI
ZLQG GLUHFWLRQV LH WKH QRUWKHUO\ DQG HDVWHUO\ FRPSRQHQWV ZHUH LQFOXGHG DV WKH
FRYDULDWHVDIIHFWLQJZLQGVSHHGIRUHFDVWVLQWKHLUODWHUZRUN,Q(UGHP¶VZRUN>@
KLVWRULFZLQGGLUHFWLRQVZHUHFODVVLILHGLQWRWKUHHFOXVWHUVEDVHGRQWKHOHYHOVRIWKHLU
FRUUHVSRQGLQJ ZLQG VSHHGV HJ ORZ PHGLXP DQG KLJK VSHHGV XVLQJ N-PHDQV
DOJRULWKP 7KH FOXVWHUV WKDW ZLQG GLUHFWLRQV ZHUH IRUHFDVW WR EH ORFDWHG DW ZHUH
UHSUHVHQWHG E\ GXPP\ YDULDEOHV ZKLFK ZHUH VXEVHTXHQWO\ XVHG DV DGGLWLRQDO
YDULDEOHVLQDOLQHDUUHJUHVVLRQIRUHFDVWLQJPRGHOWRHVWLPDWHZLQGVSHHGSUHGLFWLRQV 
7KHWLPHVHULHVPRGHOVWKDWIRUHFDVWZLQGVSHHGVLQFRQQHFWLRQZLWKZLQGGLUHFWLRQV
KDYH DOVR EHHQ GHYHORSHG ,Q (UGHP¶V DQRWKHU ZRUN >@ ZLQG VSHHGV ZHUH
GHFRPSRVHG LQWR WKH HDVWHUO\ DQG QRUWKHUO\ FRPSRQHQWV DFFRUGLQJ WR WKHLU
DFFRPSDQ\LQJZLQGGLUHFWLRQVDQGWKHSUHGLFWLRQVRIFRPSRQHQWVZHUHFRPELQHGWR
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REWDLQ WKHIRUHFDVWVRIZLQGVSHHGDQGGLUHFWLRQ ,QDGGLWLRQZLQGVSHHGDQGZLQG
GLUHFWLRQ FRXOG EH UHJDUGHG DV WKH PDJQLWXGH DQG SKDVH RI D FRPSOH[ YDOXH
UHVSHFWLYHO\ZKLFKZDVXVHGWRHVWDEOLVKWKHIRUHFDVWLQJPRGHOV>@ 
7KH$5DQG9$5IRUHFDVWLQJPRGHOVZLOOEHGHYHORSHGIRUZLQGVSHHGDQGGLUHFWLRQ
VHSDUDWHO\ LQ WKLV VHFWLRQ ,W LV QRWHG WKDW ZLQG GLUHFWLRQV DUH SURFHVVHG LQ WKH
&DUWHVLDQFRRUGLQDWHVEHIRUHWKHDSSOLFDWLRQRI$5DQG9$5PRGHOVDFFRUGLQJWRWKH
SURFHGXUHDVLQWURGXFHGLQ6HFWLRQ7KHSHUIRUPDQFHRIWKHVHOHFWHGIRUHFDVWLQJ
PRGHOV ZLOO EH DGGLWLRQDOO\ FRPSDUHG ZLWK WKH DSSURDFK SUHVHQWHG LQ >@ ZKLFK
GHFRPSRVHVZLQGVSHHGVLQWRWKHHDVWHUO\DQGQRUWKHUO\FRPSRQHQWVZLWKUHVSHFWWR
WKHLUDVVRFLDWHGZLQGGLUHFWLRQVDQGWKHQGHWHUPLQHVWKHIRUHFDVWVRIZLQGVSHHGDQG
ZLQGGLUHFWLRQIURPWKHFRPSRQHQWVSUHGLFWHGE\DQ$5PRGHO 
3.3.2.1. 9DOLGDWLRQSURFHGXUHRI$5DQG9$5PRGHOVIRUZLQGVSHHG 
7KHVOLGLQJZLQGRZWHFKQLTXHLVDOVRDSSOLHGWRZLQGVSHHGIRUHFDVWLQJLQWKLVVWXG\
7KH GLXUQDO WUHQGV RI ZLQG VSHHG DUH PRGHOOHG E\ WKH QG RUGHU )RXULHU VHULHV DV
VKRZQLQ)LJ-DQG WKHQUHPRYHG IURPKLVWRULF WLPHVHULHVZLWKLQ WKH WUDLQLQJ
ZLQGRZ WR REWDLQ WKH GH-WUHQGHG GDWD IRU DOO ZHDWKHU VWDWLRQV EDVHG RQ ZKLFK WKH
DXWR-UHJUHVVLYHSDUDPHWHUVDUHFDOFXODWHGXVLQJWKHOHDVWVTXDUHVHVWLPDWLRQ 
 
)LJ-'LXUQDOWUHQGVPRGHOOHGIURPZLQGVSHHGREVHUYDWLRQVIURPRQWR
RQDWVWDWLRQVDQG 
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7KH LPSURYHPHQWV RYHU SHUVLVWHQFH LQ 506( RI ZLQG VSHHG IRUHFDVWV IRU XS WR 
VWHSV KDOI KRXU DKHDG IRU $5 DQG 9$5 PRGHOV WKDW XVH GLIIHUHQW WUDLQLQJ
ZLQGRZ OHQJWKV DUH H[DPLQHGDW DOO VWDWLRQV VRDV WR VHOHFW WKH UHDVRQDEOHZLQGRZ
OHQJWKVDQGWKHUHVXOWVDWVWDWLRQDUHVKRZQLQ)LJ-DVDQLOOXVWUDWLRQZKHUHWKH
506(RISHUVLVWHQFHIRUHFDVWVIRUHDFKWLPHVWHSDKHDGLV  ?Ǥ ? ? ? ?݉Ȁݏ  ?Ǥ ? ? ? ?݉Ȁݏ
DQG  ?Ǥ ? ? ?݉ Ȁݏ UHVSHFWLYHO\ 
 
)LJ - ,PSURYHPHQW RYHU SHUVLVWHQFH LQ 506( RI ZLQG VSHHG IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVZLWKYDU\LQJWUDLQLQJZLQGRZOHQJWKDWVWDWLRQ 
7KHH[SHULPHQWDOUHVXOWVLQGLFDWHWKDWD9$5PRGHOVSHUIRUPEHWWHUWKDQ$5
PRGHOVZKHQWKHWUDLQLQJZLQGRZLVVXIILFLHQWO\ORQJE$5DQG9$5PRGHOV
JLYH JUHDWHU LPSURYHPHQW RYHU SHUVLVWHQFH ZLWK D ORQJHU IRUHFDVW KRUL]RQ F WKH
9$5 PRGHOV ZLWK D WUDLQLQJ ZLQGRZ RI  DQG  GD\V KDYH VLPLODUO\ KLJK
IRUHFDVW DFFXUDFLHV PHDQLQJ D WUDGH-RII LQ WKH GHWHUPLQDWLRQ RI ZLQGRZ OHQJWK
EHWZHHQWKHUHVSHFWLYHDGYDQWDJHVRIDVKRUWHUWUDLQLQJZLQGRZDQGDORQJHUZLQGRZ
DV GLVFXVVHG LQ 6HFWLRQ  DQG G  GD\V DUH VHOHFWHG DPRQJ D UDQJH RI
HIIHFWLYHZLQGRZOHQJWKVIRU$5DQG9$5PRGHOVVLQFHWKHXVHRID-GD\WUDLQLQJ
ZLQGRZLVIRXQGWRUHVXOWLQUHDVRQDEOHIRUHFDVWLQJSHUIRUPDQFHDWDOOVWDWLRQV 
7KHDFFXUDFLHVRIZLQGVSHHGIRUHFDVWVIRUXSWRVWHSVDKHDGSURGXFHGE\$5DQG
9$5PRGHOVRIGLIIHUHQWRUGHUVDUHFRPSDUHGZLWKSHUVLVWHQFHIRUHFDVWVDVVKRZQLQ
)LJ - WR VHOHFW DQ DSSURSULDWH RUGHU IRU HDFK PRGHO $OWKRXJK D KLJKHU-RUGHU
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IRUHFDVWLQJPRGHOLVXVXDOO\VKRZQWRJHQHUDWHPRUHDFFXUDWHZLQGVSHHGIRUHFDVWV
OHVV WKDQ  LPSURYHPHQW FDQ EH DFKLHYHG E\ WKH 9$5 PRGHOV ZKHQ WKH PRGHO
RUGHULQFUHDVHVIURPWR+RZHYHUWKH$5PRGHOVFRXOGJLYHDSSUR[LPDWHO\
PRUHLPSURYHPHQWRYHUSHUVLVWHQFHWKDQWKH$5PRGHOV)XUWKHUPRUHWKH$5
PRGHOVKDYHDVLPLODURUHYHQEHWWHUIRUHFDVWLQJFDSDELOLW\WKDQWKH9$5PRGHOV
IRUZLQGVSHHGIRUHFDVWLQJ0RUHRYHUWKHSUREDELOLVWLFIRUHFDVWLQJPRGHOHVWDEOLVKHG
EDVHG RQ WKH $5 PRGHO KDV IHZHU DXWR-UHJUHVVLYH SDUDPHWHUV DQG UHTXLUHV OHVV
FRPSXWDWLRQ WLPH LQ WKH SURFHVV RI PLQLPLVLQJ WKH DYHUDJH YDOXH RI FRQWLQXRXV
UDQNHGSUREDELOLW\VFRUH&536)RUH[DPSOHLWFRVWVDURXQGDQGVHFRQGV
WR GHWHUPLQH SDUDPHWHUV RI WKH $5 DQG 9$5 EDVHG SUREDELOLVWLF IRUHFDVWLQJ
PRGHOVUHVSHFWLYHO\WKDWPLQLPLVHWKHDYHUDJHYDOXHRI&5367KHFRPSXWHUEHLQJ
XVHG IRU ZHDWKHU IRUHFDVWLQJ KDV D -ELW RSHUDWLQJ V\VWHP *% RI 5$0 DQG DQ
,QWHO&RUHL-8*+]SURFHVVRU7KHUHIRUHWKH$5PRGHOZLWKD-GD\
WUDLQLQJZLQGRZLVXVHGKHUHWRSUHGLFWZLQGVSHHGVIRUXSWRVWHSVDKHDG 
 
)LJ - ,PSURYHPHQW RYHU SHUVLVWHQFH LQ 506( RI ZLQG VSHHG IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVRIGLIIHUHQWRUGHUVDWVWDWLRQ 
3.3.2.2. 9DOLGDWLRQSURFHGXUHRI$5DQG9$5PRGHOVIRUZLQGGLUHFWLRQ 
7KHGLXUQDOWUHQGVRIWKHQRUWKHUO\DQGHDVWHUO\FRPSRQHQWVRIZLQGGLUHFWLRQVZHUH
VHSDUDWHO\PRGHOOHGIURPKLVWRULFWLPHVHULHVZLWKLQDWUDLQLQJZLQGRZEDVHGRQWKH
QG RUGHU )RXULHU VHULHV DV VKRZQ LQ )LJV - DQG - 7KH UHVLGXDOV RI WKH
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QRUWKHUO\DQGHDVWHUO\FRPSRQHQWVDUHWKHQXVHGWRGHWHUPLQHWKHSDUDPHWHUVRI$5
DQG9$5PRGHOV7KHZLQGGLUHFWLRQIRUHFDVWLVGHULYHGIURPWKHSUHGLFWLRQVRIWZR
FRPSRQHQWVHVWLPDWHGE\WKH$5RU9$5IRUHFDVWLQJPRGHOWKDWDUHFRPELQHGZLWK
WKHILWWHGGLXUQDOWUHQGV$VZDVQRWHGLQ6HFWLRQDQ$5PRGHOGHYHORSHGKHUH
IRUZLQGGLUHFWLRQ FLUFXODUGDWD IRUHFDVWLQJFDQEH UHJDUGHGDVD9$5PRGHO WKDW
FRQVLVWVRIWZRYDULDEOHV 
 
)LJ - 'LXUQDO WUHQGV PRGHOOHG IURP WKH QRUWKHUO\ FRPSRQHQWV RI ZLQG GLUHFWLRQ REVHUYDWLRQV
IURPRQWRRQDWVWDWLRQVDQG 
 
)LJ-'LXUQDOWUHQGVPRGHOOHGIURPWKHHDVWHUO\FRPSRQHQWVRIZLQGGLUHFWLRQREVHUYDWLRQVIURP
RQWRRQDWVWDWLRQVDQG 
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/LNHWKHSURFHGXUHRIYDOLGDWLQJWKHIRUHFDVWLQJPRGHOVIRUDLUWHPSHUDWXUHDQGZLQG
VSHHG WKH LPSURYHPHQWVRYHUSHUVLVWHQFH LQ506(RIZLQGGLUHFWLRQ IRUHFDVWV IRU
XSWRVWHSVKDOIKRXUDKHDGIRU$5DQG9$5PRGHOVZLWKYDU\LQJWUDLQLQJ
ZLQGRZOHQJWKDUHDVVHVVHGLQRUGHUWRFRQILUPWKHOHQJWKRIVOLGLQJWUDLQLQJZLQGRZ
$VDQLOOXVWUDWLRQWKHUHVXOWVDWVWDWLRQDUHVKRZQLQ)LJ-ZKHUHWKH506(VRI
SHUVLVWHQFHIRUHFDVWVIRUGLIIHUHQWWLPHVWHSVDKHDGDUHDQGUDGLDQV
UHVSHFWLYHO\ ,W LVQRWHGWKDW WKHHUURURIZLQGGLUHFWLRQIRUHFDVW LVFDOFXODWHGDV WKH
DQJXODUGLVWDQFHEHWZHHQWKHSUHGLFWLRQDQGWKHDFWXDOYDOXHYLDHTXDWLRQ- 
 
)LJ- ,PSURYHPHQWRYHUSHUVLVWHQFH LQ506(RI ZLQGGLUHFWLRQ IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVZLWKYDU\LQJWUDLQLQJZLQGRZOHQJWKDWVWDWLRQ 
7KHH[SHULPHQWDOUHVXOWVLQGLFDWHWKDWDWKH$5DQG9$5PRGHOVKDYHVLPLODU
SHUIRUPDQFHVZKHQWKHLUSDUDPHWHUVDUHGHWHUPLQHGIURPWKHGH-WUHQGHGGDWDZLWKLQ
DWUDLQLQJZLQGRZRI±GD\V E WKHLPSURYHPHQWRYHUSHUVLVWHQFHLQFUHDVHV
ZLWK WKHIRUHFDVW ORRNDKHDG WLPH FD WUDLQLQJZLQGRZRIGD\V LVVHOHFWHGIRU
$5DQG9$5PRGHOVZKLFKFDQSURGXFHZLQGGLUHFWLRQSUHGLFWLRQVZLWKDUHDVRQDEOH
DFFXUDF\DWDOOVWDWLRQV 
7KH DFFXUDFLHV RI ZLQG GLUHFWLRQ IRUHFDVWV GHWHUPLQHG E\ $5 DQG 9$5 PRGHOV RI
GLIIHUHQWRUGHUVDUHFRPSDUHGZLWKSHUVLVWHQFHIRUHFDVWVDQG WKH UHVXOWVDWVWDWLRQ
DUH VKRZQ LQ )LJ - )RU -VWHS-DKHDG ZLQG GLUHFWLRQ IRUHFDVWLQJ WKH $5
PRGHOVKDYLQJIHZHUDXWR-UHJUHVVLYHSDUDPHWHUVDUHVKRZQWRSHUIRUPVLPLODUO\WRRU
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HYHQ EHWWHU WKDQ WKH 9$5 PRGHOV $V QRWHG LQ VHFWLRQ  KDYLQJ IHZHU
DXWR-UHJUHVVLYH SDUDPHWHUV UHGXFHV FRPSXWDWLRQ WLPH UHTXLUHG WR PLQLPLVH WKH
DYHUDJH YDOXH RI FRQWLQXRXV UDQNHG SUREDELOLW\ VFRUH 7KHUHIRUH WKH $5 PRGHO
ZLWKD-GD\WUDLQLQJZLQGRZLVXVHGWRPRGHOSUHGLFWLYHFHQWUHVRIZLQGGLUHFWLRQ
IRU  VWHS  PLQXWHV DKHDG )RU -VWHS-DKHDG DQG -VWHS-DKHDG IRUHFDVWLQJ WKH
$5 PRGHOV KDYLQJ UHDVRQDEOH IRUHFDVW DFFXUDFLHV DQG IHZHU DXWR-UHJUHVVLYH
SDUDPHWHUVDUHSUHIHUUHGKHUHUDWKHUWKDQWKH9$5PRGHOV 
 
)LJ- ,PSURYHPHQWRYHUSHUVLVWHQFH LQ506(RI ZLQGGLUHFWLRQ IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVRIGLIIHUHQWRUGHUVDWVWDWLRQ 
3.3.2.3. :LQGYHFWRUIRUHFDVWLQJPRGHO 
$ WLPH VHULHV IRUHFDVWLQJ PRGHO ZKLFK GHFRPSRVHV ZLQG VSHHGV LQWR WKH QRUWKHUO\
DQG HDVWHUO\ FRPSRQHQWV EDVHG RQ WKHLU DVVRFLDWHG ZLQG GLUHFWLRQV DQG GHWHUPLQHV
WKH SUHGLFWLRQV RI ZLQG VSHHG DQG GLUHFWLRQ IURP WKH IRUHFDVWV RI FRPSRQHQWV LV
UHIHUUHG WR KHUH DV D ZLQG YHFWRU IRUHFDVWLQJ PRGHO 7KH GLXUQDO WUHQGV RI WKH
QRUWKHUO\ DQG HDVWHUO\ FRPSRQHQWV DUH H[WUDFWHG IURP WKHLU UHVSHFWLYHKLVWRULF WLPH
VHULHV ZLWKLQ D WUDLQLQJ ZLQGRZ E\ )RXULHU VHULHV DQG WKHQ UHPRYHG WR REWDLQ WKH
GH-WUHQGHGGDWDIURPZKLFKDXWR-UHJUHVVLYHSDUDPHWHUVDUHGHWHUPLQHG/LNHWKH$5
PRGHOGHYHORSHGIRUZLQGGLUHFWLRQIRUHFDVWLQJLQWKLVZRUNDQ$5SURFHVVXWLOLVHG
LQWKHZLQGYHFWRUIRUHFDVWLQJPRGHOFDQEHUHJDUGHGDVD9$5SURFHVVWKDWFRQVLVWV
RI WZR YDULDEOHV LH WKH QRUWKHUO\ DQG HDVWHUO\ FRPSRQHQWV 7KH IRUHFDVW RI HDFK
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FRPSRQHQWLVFDOFXODWHGDVDVXPRIWKHUHVLGXDOSUHGLFWHGE\DQ$5RU9$5PRGHO
DQGWKHFRUUHVSRQGLQJILWWHGGLXUQDOWUHQG 
7KHIRUHFDVWVRIZLQGVSHHGDQGZLQGGLUHFWLRQIRUXS WRVWHSV KDOIKRXUDKHDG
HVWLPDWHGE\WKHZLQGYHFWRU:9IRUHFDVWLQJPRGHOXVLQJDQ$5SURFHVVZLWKD
WUDLQLQJ ZLQGRZ RI  GD\V DUH FRPSDUHG ZLWK WKRVH WKDW DUH SURGXFHG E\ WKH
IRUHFDVWLQJPRGHOVVHOHFWHG LQ6HFWLRQVDQG$VDQ LOOXVWUDWLRQ WKHLU
IRUHFDVWLQJSHUIRUPDQFHVIRUZLQGVSHHGDQGZLQGGLUHFWLRQDWZHDWKHUVWDWLRQV
DQGDUHVKRZQLQ)LJ-ZKHUH:9-$5UHSUHVHQWVDQ$5SURFHVVEDVHG
:9IRUHFDVWLQJPRGHO 
 
)LJ-,PSURYHPHQWRYHUSHUVLVWHQFHLQ506(RIZLQGVSHHGDQGZLQGGLUHFWLRQIRUHFDVWVIRUXS
WRVWHSVDKHDGIRU:9-$5PRGHOV$5DQG$5PRGHOVDWVWDWLRQVDQG 
)RUZLQGVSHHGIRUHFDVWLQJWKH$5PRGHOVWKDWWDNHDFFRXQWRIZLQGVSHHGVRQO\
DUHVKRZQWRJLYHJUHDWHULPSURYHPHQWRYHUSHUVLVWHQFHWKDQWKH:9-$5PRGHOV
ZKLFKGHFRPSRVHZLQGVSHHGVZLWKUHVSHFWWRWKHLUDFFRPSDQ\LQJZLQGGLUHFWLRQVLQ
WKH&DUWHVLDQFRRUGLQDWHV7KLVPD\EHEHFDXVHWKHDXWR-UHJUHVVLYHSDUDPHWHUVLQWKH
:9-$5PRGHOVDUHGHWHUPLQHGWRPLQLPLVHWKHVXPRIVTXDUHVRIHUURUVIRUHDFK
FRPSRQHQWVHSDUDWHO\ZKLOHWKH$5PRGHOVIRFXVRQWKHWRWDOZLQGVSHHGGLUHFWO\
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)XUWKHUPRUHWKHZLQGVSHHGWLPHVHULHVKDVKLJKDXWRFRUUHODWLRQFRHIILFLHQWVDWWLPH
ODJVXSWRPLQXWHV$IWHUGHFRPSRVLQJZLQGVSHHGVLQWRWKHHDVWHUO\DQGQRUWKHUO\
FRPSRQHQWVDXWRFRUUHODWLRQFRHIILFLHQWV IRU WKH WLPHVHULHVRIHDFKFRPSRQHQWDQG
FRUUHODWLRQFRHIILFLHQWVEHWZHHQWKHPDUHUHGXFHG)RUH[DPSOHWKHDXWRFRUUHODWLRQ
FRHIILFLHQWRIWKHRULJLQDO-PLQXWHDYHUDJHZLQGVSHHGWLPHVHULHVZLWKLQGD\V
IURPWRDWZHDWKHUVWDWLRQZDVHTXDOWRDWWKHWLPHODJ
RIPLQXWHVZKLOHWKHFRUUHVSRQGLQJDXWRFRUUHODWLRQFRHIILFLHQWVIRUWKHWLPHVHULHV
RI WZR FRPSRQHQWV ZHUH  DQG  UHVSHFWLYHO\ DQG WKH FRUUHODWLRQ FRHIILFLHQW
EHWZHHQWZRFRPSRQHQWVZDVRQO\- 
)RU ZLQG GLUHFWLRQ IRUHFDVWLQJ WKH :9-$5 PRGHOV DUH VKRZQ WR SHUIRUP
VLPLODUO\WR WKH$5DQG$5PRGHOVZLWKDVOLJKW LPSURYHPHQWOHVV WKDQ  ? ?
LQFHUWDLQFDVHV7KHH[SHULPHQWDOUHVXOWVVXJJHVW WKDW LQ WKHZRUNFRQGXFWHGKHUH
WKHZLQGYHFWRUIRUHFDVWLQJPRGHOWKDWHVWLPDWHVZLQGVSHHGDQGGLUHFWLRQIRUHFDVWV
IURP WKHSUHGLFWLRQVRIZLQGFRPSRQHQWVGRHVQRWKDYH D VLJQLILFDQW HQKDQFHPHQW
RYHUWKHXVHRIWZRLQGLYLGXDO$5IRUHFDVWLQJPRGHOVWRSUHGLFWZLQGVSHHGDQGZLQG
GLUHFWLRQVHSDUDWHO\ 
3.3.3. 6RODUUDGLDWLRQIRUHFDVWLQJ 
$QXPEHURIPHWKRGVIRUVRODUUDGLDWLRQIRUHFDVWLQJKDYHEHHQGHWDLOHGLQ>@
$FFRUGLQJ WRGLIIHUHQW IRUHFDVWKRUL]RQVVRODU UDGLDWLRQIRUHFDVWLQJDSSURDFKHVFDQ
EHEDVLFDOO\FDWHJRUL]HGDV 
x WLPHVHULHVIRUHFDVWLQJPRGHOVIRUPLQXWHVWRKRXUVDKHDG 
x VDWHOOLWHLPDJHVHJFORXGLQHVVDQGFORXGPRWLRQYHFWRUVEDVHGIRUHFDVWLQJ
PRGHOIRUPLQXWHVWRKRXUVDKHDG 
x QXPHULFDOZHDWKHUSUHGLFWLRQVIRUKRXUVRQZDUGV 
x K\EULGPRGHOVIRUDGMXVWDEOHWLPHVFDOHV 
$OWKRXJK WKH VKRUW-WHUP IRUHFDVW DFFXUDF\ RI VRODU UDGLDWLRQ PD\ EH ODUJHO\
LQIOXHQFHGE\FORXGWUDQVLHQWV>@DWLPHVHULHVIRUHFDVWLQJPRGHOLVSUHIHUUHGKHUH
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FRQVLGHULQJWKHDYDLODEOHGDWDLQWKLVUHVHDUFK,Q+XDQJ¶VZRUN>@DSHUVLVWHQFH
IRUHFDVWLQJPRGHODQGDQDXWR-UHJUHVVLYHPRYLQJDYHUDJH$50$PRGHOZHUHERWK
DSSOLHG WR VKRUW-WHUP VRODU UDGLDWLRQ IRUHFDVWLQJ ,W ZDV IRXQG WKDW WKH SHUVLVWHQFH
IRUHFDVWLQJPRGHOSHUIRUPHGZHOOIRUVWHSKRXUDKHDGRQO\ZKHUHDVWKH$50$
PRGHOH[FHOHGIRUDORQJHUIRUHFDVWKRUL]RQHJVWHSVKRXUVDKHDG 
,Q RUGHU WR UHGXFH WKH LQIOXHQFH RI GLXUQDO WUHQGV RI VRODU UDGLDWLRQ RQ WKH
GHWHUPLQDWLRQ RI D IRUHFDVWLQJ PRGHO¶V SDUDPHWHUV D ORFDO SRO\QRPLDO UHJUHVVLRQ
ILWWLQJ PHWKRG ZDV XVHG LQ >@ WR PRGHO WKH GLXUQDO F\FOHV RI VRODU UDGLDWLRQ
)RXULHUVHULHVKDVDOVREHHQHPSOR\HGLQ>@WRH[WUDFWWHPSRUDOWUHQGVIURP
KLVWRULF VRODU UDGLDWLRQ WLPH VHULHV ZKLFK ZHUH WKHQ UHPRYHG WR JHQHUDWH WKH
GH-WUHQGHGGDWDZLWKDUHDVRQDEOHRUGHURIVWDWLRQDULW\/LX>@XVHG)RXULHUVHULHV
WR FDSWXUH WKH DQQXDO WUHQG RI VRODU UDGLDWLRQ DQG WKH UHPDLQLQJ GLXUQDO WUHQG ZDV
PRGHOOHGE\ WKH VHFRQG-RUGHU&KHE\VKHYSRO\QRPLDOV ,Q WKLV VHFWLRQ WKH$5DQG
9$5 SURFHVVHV FRPELQHG ZLWK D )RXULHU VHULHV EDVHG GH-WUHQGLQJ PHWKRG DQG D
VOLGLQJZLQGRZWHFKQLTXHZLOOEHGHYHORSHGIRUSRLQWIRUHFDVWLQJRIVRODUUDGLDWLRQ 
3.3.3.1. $5DQG9$5PRGHOYDOLGDWLRQSURFHGXUH 
7KHQG RUGHU)RXULHU VHULHV LV ILUVW XVHG WRPRGHO GLXUQDO WUHQGVRI VRODU UDGLDWLRQ
IURPKLVWRULFWLPHVHULHVZLWKLQD-GD\WUDLQLQJZLQGRZDVVKRZQLQ)LJ-7KH
GLXUQDO WUHQGV ILWWHG E\ WKH QG RUGHU )RXULHU VHULHV DUH JHQHUDOO\ KLJKHU WKDQ WKH
DFWXDOYDOXHVDURXQGVXQULVHDQGVXQVHWGXHWR]HURVRODUUDGLDWLRQEHIRUHWKHVXQULVH
DQG DIWHU WKH VXQVHW $ IHDVLEOH VROXWLRQ LV WR PRGHO WKH GLXUQDO WUHQGV EHWZHHQ
VXQULVH DQG VXQVHW RQO\ H[FOXVLYH RI WKH RWKHU WLPH SHULRGV DW ZKLFK ]HUR VRODU
UDGLDWLRQVDUHREVHUYHG $QDOWHUQDWLYHVROXWLRQ LV WRH[WUDFWGLXUQDO WUHQGVRI VRODU
UDGLDWLRQ E\ XVLQJ D KLJKHU-RUGHU )RXULHU VHULHV >@ )LJ - VKRZV WKDW WKH
GLXUQDO WUHQGV ILWWHG E\ WKH UG RUGHU )RXULHU VHULHV DUH PXFK FORVHU WR WKH DFWXDO
YDOXHVWKDQWKRVHWKDWDUHPRGHOOHGE\WKHQGRUGHU)RXULHUVHULHVHVSHFLDOO\DURXQG
VXQULVHDQGVXQVHW 
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)LJ - 'LXUQDO WUHQGV PRGHOOHG IURP VRODU UDGLDWLRQ REVHUYDWLRQV IURP  RQ  WR
RQEDVHGRQWKHQGRUGHU)RXULHUVHULHVDWVWDWLRQVDQG 
 
)LJ - 'LXUQDO WUHQGV PRGHOOHG IURP VRODU UDGLDWLRQ REVHUYDWLRQV IURP  RQ  WR
RQEDVHGRQWKHUGRUGHU)RXULHUVHULHVDWVWDWLRQVDQG 
'XH WR VRODU UDGLDWLRQV EHLQJ ]HUR GXULQJ WKH QLJKW WKH FRUUHODWLRQV EHWZHHQ WKH
GH-WUHQGHGGDWDGXULQJWKHGD\WLPHDUHRQO\FRQVLGHUHGIRUVRODUUDGLDWLRQIRUHFDVWLQJ
7KH SDUDPHWHUV RI $5 DQG 9$5 PRGHOV DUH GHWHUPLQHG WR PLQLPLVH WKH VXP RI
VTXDUHV RI GLIIHUHQFHV EHWZHHQ WKH UHVLGXDOV DQG WKHLU H[SHFWHG YDOXHV GXULQJ WKH
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 2
 
 
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 4
0 6 12 18 24
0
100
200
300
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 )
Hour of Day
Station 6
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 7
Data Model
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 2
 
 
Data Model
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 4
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 6
0 6 12 18 24
0
100
200
300
Hour of Day
So
la
r 
Ra
di
at
io
n
 
(W
/m
2 ) Station 7
93 
 
GD\WLPHRYHUDWUDLQLQJZLQGRZ7KHVRODUUDGLDWLRQIRUHFDVW LV WKHQFDOFXODWHGDVD
VXPRIWKHILWWHGGLXUQDO WUHQGDQGWKHGH-WUHQGHGGDWDSUHGLFWHGE\DQ$5RU9$5
PRGHO 
,Q RUGHU WR GHWHUPLQH WKH WUDLQLQJ ZLQGRZ OHQJWKV IRUHFDVW DFFXUDFLHV RI VRODU
UDGLDWLRQIRUXSWRVWHSVKDOIKRXUDKHDGGXULQJWKHGD\WLPHSURGXFHGE\$5
DQG 9$5 PRGHOV ZLWK YDU\LQJ ZLQGRZ OHQJWK DUH DVVHVVHG ZLWK SHUVLVWHQFH
IRUHFDVWLQJEHLQJDGRSWHGDVDEHQFKPDUNDVVKRZQLQ)LJ-ZKHUHWKH506(RI
SHUVLVWHQFHIRUHFDVWVIRUHDFKWLPHVWHSDKHDGLV  ? ?Ǥ ? ? ?ܹ ݉ଶ ?   ? ?Ǥ ? ? ?ܹ ݉ଶ ?  DQG ? ?Ǥ ? ? ?ܹ ݉ଶ ?  UHVSHFWLYHO\ 
 
)LJ - ,PSURYHPHQWRYHUSHUVLVWHQFH LQ506(RI VRODU UDGLDWLRQ IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVZLWKYDU\LQJWUDLQLQJZLQGRZOHQJWKDWVWDWLRQ 
7KHH[SHULPHQWDOUHVXOWVVXJJHVWWKDWDQGGD\VVKRXOGEHVHOHFWHGIRU$5DQG
9$5PRGHOVUHVSHFWLYHO\DPRQJDUDQJHRIHIIHFWLYHWUDLQLQJZLQGRZOHQJWKVVLQFH
WKHVHVHOHFWHGOHQJWKVDUHIRXQGWRZRUNZHOO IRUDOOVWDWLRQV ,QRUGHUWRGHWHUPLQH
WKHPRGHOV¶RUGHUVWKHVRODUUDGLDWLRQIRUHFDVWVSURGXFHGE\$5DQG9$5PRGHOVRI
GLIIHUHQW RUGHUV DUH FRPSDUHG ZLWK SHUVLVWHQFH IRUHFDVWV DV VKRZQ LQ )LJ -
3HUIRUPLQJ EHWWHU WKDQ WKH $5 PRGHOV WKH 9$5 PRGHOV DUH HPSOR\HG KHUH WR
IRUHFDVW VRODU UDGLDWLRQV IRU XS WR  VWHSV KDOI KRXU DKHDG GXH WR LQVLJQLILFDQW
LPSURYHPHQWXVLQJKLJKHURUGHUV 
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)LJ - ,PSURYHPHQWRYHUSHUVLVWHQFH LQ506(RI VRODU UDGLDWLRQ IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV
DKHDGIRU$5DQG9$5PRGHOVRIGLIIHUHQWRUGHUVDWVWDWLRQ 
3.3.4. 6XPPDU\RIDXWR-UHJUHVVLYHPRGHOVDSSOLHGWRSRLQWIRUHFDVWLQJ 
%DVHG RQ WKH H[SHULPHQWDO UHVXOWV DQG DVVRFLDWHG DQDO\VLV GHVFULEHG LQ SUHYLRXV
VHFWLRQV WKH$5DQG9$5IRUHFDVWLQJPRGHOV HPSOR\HGKHUH IRUGLIIHUHQWZHDWKHU
YDULDEOHVDQGIRUHFDVWKRUL]RQVDUHVXPPDULVHGLQ7DEOH-7KH)RXULHUFRHIILFLHQWV
DQGDXWR-UHJUHVVLYHSDUDPHWHUVLQWKHIRUHFDVWLQJPRGHOVDUHGDLO\XSGDWHG 
7DEOH-7\SHVRIWKHIRUHFDVWLQJPRGHOVXVHGIRUGLIIHUHQWZHDWKHUSDUDPHWHUVDQGIRUHFDVWKRUL]RQV 
 $LUWHPSHUDWXUH :LQGVSHHG :LQGGLUHFWLRQ 6RODUUDGLDWLRQ 
VWHSDKHDG 9$5±GD\V $5±GD\V $5±GD\V 9$5±GD\V 
VWHSVDKHDG 9$5±GD\V $5±GD\V $5±GD\V 9$5±GD\V 
VWHSVDKHDG 9$5±GD\V $5±GD\V $5±GD\V 9$5±GD\V 
7KH 506(V RI SRLQW IRUHFDVWV IRU XS WR  VWHSV KDOI KRXU DKHDG IRU WKH VHOHFWHG
PRGHOVDQGSHUVLVWHQFHIRUHFDVWLQJPRGHODUHHYDOXDWHGIRUHDFKZHDWKHUYDULDEOHDW
DOO VWDWLRQV DV OLVWHG LQ 7DEOHV - - - DQG - 7KHLU LPSURYHPHQWV RYHU
SHUVLVWHQFHDUHVKRZQLQ)LJ-7KH$5DQG9$5IRUHFDVWLQJPRGHOVDUHPRVWO\
VKRZQ WR SURYLGH GLVWLQFW LPSURYHPHQW RYHU SHUVLVWHQFH ZLWK WKH IRUHFDVW KRUL]RQ
JRLQJ IXUWKHU HVSHFLDOO\ IRU DLU WHPSHUDWXUH DQG VRODU UDGLDWLRQ IRUHFDVWLQJ 7KH
95 
 
LQVLJQLILFDQW LPSURYHPHQW RYHU SHUVLVWHQFH LQ VRPH SDUWLFXODU FDVHV HJ ZLQG
GLUHFWLRQIRUHFDVWLQJDWVWDWLRQPD\EHGXHWRLWV506(VRISHUVLVWHQFHIRUHFDVWV
EHLQJVXIILFLHQWO\VPDOOPHDQLQJWKDWWKHXVHRIDQDGYDQFHGIRUHFDVWLQJPRGHOFDQ
OHDG WR D VOLJKW LPSURYHPHQW LQ IRUHFDVW DFFXUDF\ RQO\ LQ VXFKFDVHV7KH VHOHFWHG
SRLQWIRUHFDVWLQJPRGHOVZLOOEHXVHGWRPRGHOWKHFHQWUHVRISUHGLFWLYHGLVWULEXWLRQV
IRUHDFKZHDWKHUYDULDEOHLQQH[WVHFWLRQ 
7DEOH-506(VԨRIDLUWHPSHUDWXUHIRUHFDVWVIRUXSWRVWHSVDKHDGHVWLPDWHGE\WKHVHOHFWHG
9$5IRUHFDVWLQJPRGHOVDQGWKHSHUVLVWHQFHIRUHFDVWLQJPRGHOVIRUDOOZHDWKHUVWDWLRQV 
6WDWLRQ
,QGH[ 
3HUVLVWHQFH)RUHFDVWLQJ 6HOHFWHG)RUHFDVWLQJ0RGHO 
-VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG 
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
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7DEOH-506(V ݉ȀݏRIZLQGVSHHG IRUHFDVWV IRUXS WR VWHSV DKHDGHVWLPDWHGE\ WKH VHOHFWHG
$5IRUHFDVWLQJPRGHOVDQGWKHSHUVLVWHQFHIRUHFDVWLQJPRGHOVIRUDOOZHDWKHUVWDWLRQV 
6WDWLRQ
,QGH[ 
3HUVLVWHQFH)RUHFDVWLQJ 6HOHFWHG)RUHFDVWLQJ0RGHO 
-VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG 
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
 
7DEOH - 506(V UDGLDQV RI ZLQG GLUHFWLRQ IRUHFDVWV IRU XS WR  VWHSV DKHDG HVWLPDWHG E\ WKH
VHOHFWHG$5IRUHFDVWLQJPRGHOVDQGWKHSHUVLVWHQFHIRUHFDVWLQJPRGHOVIRUDOOZHDWKHUVWDWLRQV 
6WDWLRQ
,QGH[ 
3HUVLVWHQFH)RUHFDVWLQJ 6HOHFWHG)RUHFDVWLQJ0RGHO 
-VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG 
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
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7DEOH - 506(V ܹ ݉ଶ ?  RI VRODU UDGLDWLRQ IRUHFDVWV IRU XS WR  VWHSV DKHDG HVWLPDWHG E\ WKH
VHOHFWHG9$5IRUHFDVWLQJPRGHOVDQGWKHSHUVLVWHQFHIRUHFDVWLQJPRGHOVIRUDOOZHDWKHUVWDWLRQV 
6WDWLRQ
,QGH[ 
3HUVLVWHQFH)RUHFDVWLQJ 6HOHFWHG)RUHFDVWLQJ0RGHO 
-VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG -VWHS-DKHDG 
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
:6       
 
 
)LJ - ,PSURYHPHQWRYHUSHUVLVWHQFH LQ506(RI ZHDWKHU IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV DKHDG
IRUWKHVHOHFWHG$5DQG9$5IRUHFDVWLQJPRGHOVDWDOOZHDWKHUVWDWLRQV 
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3.3.5. (IIHFWVRIIRUHFDVWHUURUVRILQGLYLGXDOZHDWKHUYDULDEOHVRQ'/5 
,QRUGHUWRDVVHVVWKHHIIHFWRIWKHSHUIRUPDQFHRIWKH$5RU9$5IRUHFDVWLQJPRGHO
IRUHDFKLQGLYLGXDOZHDWKHUYDULDEOHRQWKHIRUHFDVWDFFXUDF\RIZHDWKHU-EDVHG'/5V
-VWHS-DKHDGVWHDG\-VWDWH'/5IRUHFDVWVDWWZRSDUWLFXODUVSDQVLH&4-&4DQG
$&-$&%LQFORVHSUR[LPLW\WRZHDWKHUVWDWLRQVDQGDUHFDOFXODWHGIURP
IRUHFDVWVRIDQLQGLYLGXDOZHDWKHUYDULDEOHDQGREVHUYDWLRQVRIRWKHUYDULDEOHVEDVHG
RQ D WKHUPDO PRGHO RI WKH FRQGXFWRUV >@ 7KH WZR VSDQV FRPSULVH µ/\Q[¶ $&65 ? ? ?݉ ݉ଶ  DQG µ3RSODU¶ $$$&  ? ? ?݉ ݉ଶ  FRQGXFWRUV ZLWK PD[LPXP DOORZDEOH
FRQGXFWRU WHPSHUDWXUHV RI  ? ?Ԩ DQG  ? ?Ԩ ZKLFK DUH UHGXFHG WR  ? ?Ԩ DQG  ? ?Ԩ
UHVSHFWLYHO\ IRU UHDVRQV RI FRQVHUYDWLVP >@ 7KLV LV EHFDXVH WKH ZHDWKHU-EDVHG
PRGHOWKDWGLUHFWO\HVWLPDWHV'/5VIURPZHDWKHUGDWDPD\VXIIHUIURPWKHGLIIHUHQFH
EHWZHHQ WKH ZLQG FRQGLWLRQV UHFRUGHG DW D ZHDWKHU VWDWLRQ DQG WKRVH DFWXDOO\
H[SHULHQFHGE\WKHFRQGXFWRU)XUWKHUPRUHYDOXHVRIWKHFRQGXFWRU¶VHPLVVLYLW\DQG
DEVRUSWLYLW\FRHIILFLHQWVWKDWGHWHUPLQHUDWHVRIUDGLDWLRQKHDWORVVDQGVRODUKHDWJDLQ
UHVSHFWLYHO\ DUHXVXDOO\ QRWYHU\ DFFXUDWH7KH WHFKQLFDOSDUDPHWHUVGHVFULELQJ WKH
FKDUDFWHULVWLFVRIµ/\Q[¶DQGµ3RSODU¶FRQGXFWRUVDUHOLVWHGLQ7DEOH- 
7DEOH-&KDUDFWHULVWLFVRIµ/\Q[¶$&65PPDQGµ3RSODU¶$$$&PPFRQGXFWRUV  
&RQGXFWRU&KDUDFWHULVWLFV $&65µ/\Q[¶ $$$&µ3RSODU¶ 
&RQGXFWRUGLDPHWHU݉݉   
(PLVVLYLW\-6RODUDEVRUSWLYLW\-   
/RZKLJKFRQGXFWRUWHPSHUDWXUHIRUZKLFKDF
UHVLVWDQFHLVVSHFLILHGԨ   
&RQGXFWRUDFUHVLVWDQFHDWORZKLJKFRQGXFWRU
WHPSHUDWXUHᅿNP   
&RQGXFWRUHOHYDWLRQDERYHVHDOHYHO݉   
&RQGXFWRURULHQWDWLRQGHJUHH
FRXQWHU-FORFNZLVHURWDWLRQIURP(DVW   
5HGXFHGPD[LPXPDOORZDEOHFRQGXFWRU
WHPSHUDWXUHԨ   
6WDWLFOLQHUDWLQJIRU:LQWHU6SULQJRU
$XWXPQ6XPPHUܣ   
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7DEOHV-DQG-FRPSDUH506(VRIVWHDG\-VWDWH'/5IRUHFDVWVIRUVWHSVDKHDG
DW&4-&4DQG$&-$&%WKDWDUHDIIHFWHGE\WKHIRUHFDVWHUURUVRIHDFK
LQGLYLGXDOZHDWKHUYDULDEOHDW VWDWLRQVDQG UHVSHFWLYHO\7KHHIIHFWV RI IRUHFDVW
HUURUVRIHDFKLQGLYLGXDOZHDWKHUYDULDEOHHVWLPDWHGE\WKH$5RU9$5PRGHOVOLVWHG
LQ7DEOH-DQGSHUVLVWHQFHIRUHFDVWLQJPRGHOVDUHERWKH[DPLQHG 
7DEOH-506(VRIZHDWKHUIRUHFDVWVRIHDFKLQGLYLGXDOYDULDEOHDWVWDWLRQDQGWKHLUFRUUHVSRQGLQJ
VWHDG\-VWDWH'/5IRUHFDVWVDWVSDQ&4-&4IRUVWHSVDKHDGDORQJZLWKWKH$59$5IRUHFDVWLQJ
PRGHOV¶LPSURYHPHQWVRYHUSHUVLVWHQFH 
:HDWKHU9DULDEOH
RI,QWHUHVW 
506(RI:HDWKHU
)RUHFDVWV ,PSRYHU
3HUVLVWHQFH 
506(RI'/5)RUHFDVW
$ ,PSRYHU
3HUVLVWHQFH 
$59$5 3HUVLVWHQFH $59$5 3HUVLVWHQFH 
௔ܶ Ԩ       ݓ௦ ݉ ݏ ?        ݓௗ ݎܽ݀݅ܽ݊ݏ       ݏ௥  ܹ ݉ଶ ?        
7DEOH - 506(V RI ZHDWKHU IRUHFDVWV RI HDFK LQGLYLGXDO YDULDEOH DW ZHDWKHU VWDWLRQ  DQG WKHLU
FRUUHVSRQGLQJVWHDG\-VWDWH'/5IRUHFDVWVDW VSDQ$&-$&%IRUVWHSVDKHDGDORQJZLWK WKH
$59$5IRUHFDVWLQJPRGHOV¶LPSURYHPHQWVRYHUSHUVLVWHQFH 
:HDWKHU9DULDEOH
RI,QWHUHVW 
506(RI:HDWKHU
)RUHFDVWV ,PSRYHU
3HUVLVWHQFH 
506(RI'/5)RUHFDVW
$ ,PSRYHU
3HUVLVWHQFH 
$59$5 3HUVLVWHQFH $59$5 3HUVLVWHQFH 
௔ܶ Ԩ       ݓ௦ ݉ ݏ ?        ݓௗ ݎܽ݀݅ܽ݊ݏ       ݏ௥  ܹ ݉ଶ ?        
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6LQFHLWLVWKHZLQGDWWDFNDQJOHRUWKHDQJOHRILQFLGHQFHEHWZHHQZLQGGLUHFWLRQ
DQG OLQH RULHQWDWLRQ WKDW GHWHUPLQHV WKH FRQYHFWLRQ KHDW ORVV UDWH ZLQG GLUHFWLRQ
IRUHFDVWVIRUVWHSVDKHDGHVWLPDWHGE\WKH$5PRGHODQGWKHSHUVLVWHQFHPHWKRG
DUH FRQYHUWHG WR DWWDFN DQJOHV ZKLFK KDYH 506(V UDGLDQV RI  DQG 
UHVSHFWLYHO\ IRU VSDQ&4-&4)RU VSDQ$&-$&%506(V UDGLDQVRI
WKH DWWDFN DQJOH IRUHFDVWV IRU WKH WZRPHWKRGV DUH DQG UHVSHFWLYHO\
7KHLPSURYHPHQWVRYHUSHUVLVWHQFHLQ506(VRIDWWDFNDQJOHIRUHFDVWVIRUWKH$5
PRGHOVDWWZRVSDQVDUHDQGUHVSHFWLYHO\ZKLFKDUHVPDOOHUWKDQWKDW
IRU ZLQG GLUHFWLRQ IRUHFDVWLQJ 7KLV PD\ EH RQH RI WKH UHDVRQV FDXVLQJ WKH $5
PRGHOV¶LPSURYHPHQWVRYHUSHUVLVWHQFHLQ506(VRIZLQGGLUHFWLRQIRUHFDVWVWREH
KLJKHU WKDQ WKRVH IRU WKHLU FRUUHVSRQGLQJ VWHDG\-VWDWH UDWLQJ IRUHFDVWV DV VKRZQ LQ
7DEOHV-DQG- 
7DEOHV-DQG-LQGLFDWHWKDWWKH9$5PRGHOJLYHVDQLPSURYHPHQWJUHDWHUWKDQ
RYHUSHUVLVWHQFHLQ506(VRIVWHDG\-VWDWH'/5IRUHFDVWVWKDWLQFOXGHIRUHFDVW
HUURUVRI ௔ܶ RU ݏ௥+RZHYHU ௔ܶ RU ݏ௥ IRUHFDVWVEDVHG'/5VDWWKHWZRVSDQVKDYH
VPDOOHU506(VWKDQ ݓ௦ RU ݓௗ IRUHFDVWVEDVHG'/5V)LJ-VKRZVSHUFHQWDJH
HUURUVRI'/5IRUHFDVWVIRUVWHSVDKHDGDWWKHWZRVSDQVWKDWDUHFDXVHGE\IRUHFDVW
HUURUVRIHDFKLQGLYLGXDOZHDWKHUYDULDEOH ,W LVVKRZQWKDWIRUHFDVWHUURUVRI ௔ܶ RUݏ௥ JHQHUDOO\ OHDGWRSHUFHQWDJHHUURUVRI'/5IRUHFDVWV WKDWDUHPXFKVPDOOHUWKDQ
WKRVHIRU ݓ௦ RU ݓௗ LQWKLVUHVHDUFK$VZDVQRWHGLQ6HFWLRQDODUJHULVHRI
WKHFRQYHFWLRQKHDWORVVUDWHDERYHWKHVRODUKHDWJDLQUDWHGXHWRDQLQFUHPHQWLQ ݓ௦
RUFRQGXFWRUWHPSHUDWXUHZRXOGUHGXFHWKHLPSDFWRIWKHFKDQJHRI ݏ௥ RQFRQGXFWRU
WHPSHUDWXUH7KHUHIRUHIRUHFDVWHUURUVRI ݏ௥ DUHVKRZQWRKDYHDVOLJKWHIIHFWRQWKH
IRUHFDVWDFFXUDF\RIVWHDG\-VWDWH'/5VHYDOXDWHGDWDPD[LPXPDOORZDEOHFRQGXFWRU
WHPSHUDWXUH ௖ܶ௠௔௫ 
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)LJ - 3HUFHQWDJH HUURUV  RI VWHDG\-VWDWH '/5 IRUHFDVWV IRU  VWHSV DKHDG DW GLIIHUHQW VSDQV
HVWLPDWHGIURPIRUHFDVWVRIHDFKLQGLYLGXDOZHDWKHUYDULDEOH 
$VZDVQRWHG LQ6HFWLRQV DQG WKH FRQYHFWLRQ ܳ௖ DQG UDGLDWLRQ ܳ௥
KHDWORVVUDWHVIRUVWHDG\-VWDWH'/5FDOFXODWLRQDUHERWKGHSHQGHQWRQWKHGLIIHUHQFH
EHWZHHQ ௖ܶ௠௔௫ DQG ௔ܶ7KH'/5GHPRQVWUDWLRQSURMHFWE\6FRWWLVK3RZHU(QHUJ\
1HWZRUNV >@ UHSRUWHG WKDW ௔ܶ PHDVXUHG DW QLQH ZHDWKHU VWDWLRQVRYHU D IXOO \HDU
IURPWK6HSWHPEHUWRUG6HSWHPEHUUDQJHGIURP െ ?Ǥ ?Ԩ WR  ? ?Ǥ ?Ԩ
$VVXPLQJ ௔ܶ WREH IRUHFDVWZLWK HUURUVRI േ ?Ԩ LH WKHPD[LPXPPDJQLWXGHRI௔ܶ IRUHFDVW HUURU DV VKRZQ LQ)LJ- WKH UDWLRRI WKH IRUHFDVW ܳ௥ WR WKHDFWXDOܳ௥ LV FDOFXODWHGE\HTXDWLRQ -EDVHGRQ ௔ܶ WKDW UDQJHV IURP െ ? ?Ԩ WRԨ
FRPELQHGZLWK ௖ܶ௠௔௫ IRUHDFKVSDQDVVKRZQLQ)LJ-7KHIRUHFDVWHUURURI ௔ܶ
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VKRZVDODUJHULPSDFWRQ ܳ௥ DWDKLJKHU ௔ܶ IRUVSDQ&4-&4WKDWKDVDVPDOOHU௖ܶ௠௔௫LHDVPDOOHUGLIIHUHQFHEHWZHHQ ௔ܶ DQG ௖ܶ௠௔௫ 
 
)LJ-5DWLRVRIWKHIRUHFDVW ܳݎ WRWKHDFWXDO ܳݎ HYDOXDWHGDW ܶܽ UDQJLQJIURP െ ? ?Ԩ WR  ? ?Ԩ
FRPELQHGZLWK ܶܿ݉ܽݔ IRUGLIIHUHQWVSDQVEDVHGRQ ܶܽ IRUHFDVWHUURUHTXDOWR േ ?Ԩ 
6LQFH ܳ௖ HYDOXDWHG DW ௖ܶ௠௔௫ LV IRXQG WR EH GHWHUPLQHG E\ WKH IRUFHG FRQYHFWLRQ
KHDWORVVUDWH ܳ௖௙ LQJUHDWHUWKDQDQGRIFDVHVIRU&4-&4DQG
$&-$&% UHVSHFWLYHO\ LQ WKLV UHVHDUFK WKH UDWLR RI WKH IRUHFDVW ܳ௖௙ WR WKH
DFWXDO ܳ௖௙ LVHVWLPDWHGIRUWKHWZRVSDQVEDVHGRQWKHLU ௖ܶ௠௔௫ DQG ௔ܶ WKDWUDQJHV
IURP െ ? ?Ԩ WR  ? ?Ԩ ZLWKDIRUHFDVWHUURURI േ ?Ԩ,WPD\EHQRWHGWKDWWKHUDWLRV
IRU ܳ௖௙ଵ DQG ܳ௖௙ଶ FDOFXODWHG E\ HTXDWLRQV - DQG - DUH VLPLODU VLQFH DQ
HUURURI േ ?Ԩ LQ ௔ܶ IRUHFDVWVKDVDVOLJKWLPSDFWRQDLUSURSHUWLHVLHWKHGHQVLW\
YLVFRVLW\ DQG WKHUPDO FRQGXFWLYLW\ FRHIILFLHQW RI DLU ZKLFK DUH GHWHUPLQHG E\
HTXDWLRQV--DQG-7KHUHIRUHWKHUDWLRVRIWKHIRUHFDVWVWRWKHDFWXDO
YDOXHVIRU ܳ௖௙ଶ WKDWKDYHVOLJKWO\KLJKHUPDJQLWXGHVDUHSUHVHQWHGKHUHDVVKRZQLQ
)LJ-7KHIRUHFDVWHUURURI ௔ܶ LVVKRZQWRKDYHDODUJHULQIOXHQFHRQ ܳ௖௙ଶ DWD
KLJKHU ௔ܶ IRUWKHVSDQ&4-&4ZKLFKKDVDORZHU ௖ܶ௠௔௫LHDVPDOOHUDULVHRI௖ܶ௠௔௫ DERYH ௔ܶ 
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)LJ - 5DWLRV RI WKH IRUHFDVW ݂ܳܿ ? WR WKH DFWXDO ݂ܳܿ ? HYDOXDWHG DW ܶܽ UDQJLQJ IURP െ ? ?Ԩ WR ? ?Ԩ FRPELQHGZLWK ܶܿ݉ܽݔ IRUGLIIHUHQWVSDQVEDVHGRQ ܶܽ IRUHFDVWHUURUHTXDOWR േ ?Ԩ 
Figs. 3-26 and 3-27 show that a forecast error of േ ?Ԩ for ௔ܶ ൌ  ? ?Ԩ would lead 
to a significant underestimation or overestimation in ܳ௥ and ܳ௖௙ by around 20% 
for span CQ34-CQ35. This will cause the steady-state DLR to be underestimated or 
overestimated by about 10% when there is no solar radiation. Given a non-zero solar 
radiation, the forecast error of the steady-state DLR would then be less than 10%. 
Since ௔ܶ recorded for span CQ34-CQ35 over the period evaluated in this research 
(January, February and March in 2012) was under  ? ?Ǥ ?Ԩ, a forecast error of േ ?Ԩ 
for ௔ܶ would cause ܳ௥ and ܳ௖௙ to be underestimated or overestimated by around 
10%. This means that the steady-state DLR forecast error could reach less than 5% of 
the actual rating, which is mostly less significant than the forecast error induced by 
wind conditions, as shown in Fig. 3-25. Therefore, wind conditions are generally the 
dominant factors affecting the forecast accuracy of steady-state DLRs. 
3.4. 5HVXOWVDQG0RGHO9DOLGDWLRQRI3UREDELOLVWLF)RUHFDVWLQJ 
$V ZDV QRWHG LQ 6HFWLRQ  WKH µDFFXUDF\¶ RI SUREDELOLVWLF IRUHFDVWV FDQ EH
HYDOXDWHG WKURXJK FKHFNLQJ WKHLU FDOLEUDWLRQ ZKLFK LV WKH FRQVLVWHQF\ EHWZHHQ WKH
SUHGLFWLYHGLVWULEXWLRQDQGWKHDFWXDOYDOXH7KHFDOLEUDWLRQRISUREDELOLVWLFIRUHFDVWV
FDQEHH[DPLQHGE\WKHKLVWRJUDPRISUREDELOLW\LQWHJUDOWUDQVIRUP3,7)RUIXOO\
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FDOLEUDWHGSUREDELOLVWLFIRUHFDVWVWKHSHUFHQWDJHRIWKHDFWXDOYDOXHEHLQJORZHUWKDQ
WKH ݊௧௛ SHUFHQWLOHMXVWHTXDOV ݊ ?  IRUHDFKSHUFHQWLOHLHDXQLIRUP3,7KLVWRJUDP  
$ VKDUSHU SUHGLFWLYH SUREDELOLW\ GLVWULEXWLRQ LH D VPDOOHU SUHGLFWLYH VSUHDG RU D
KLJKHU FRQFHQWUDWLRQ SDUDPHWHU LV GHVLUHG XQGHU WKH FRQVWUDLQW RI FDOLEUDWLRQ 7KH
VKDUSQHVV RI D SUHGLFWLYH SUREDELOLW\ GLVWULEXWLRQ FDQ EH LQGLFDWHG E\ WKH DYHUDJH
ZLGWK RI FHQWUDO SUHGLFWLRQ LQWHUYDOV &3,V HJ WKH DYHUDJH ZLGWK RI  &3,V
EHWZHHQWKHWKDQGWKSHUFHQWLOHV,QDGGLWLRQWRWKHFDOLEUDWLRQDQGVKDUSQHVVWKH
SHUIRUPDQFHRIDSUREDELOLVWLFIRUHFDVWLQJPRGHOFDQEHDVVHVVHGE\WKHFRQWLQXRXV
UDQNHGSUREDELOLW\VFRUH&536ZKLFKLVDVXPPDU\PHWULFUHSUHVHQWLQJWKHDYHUDJH
GLIIHUHQFHEHWZHHQWKHSUHGLFWLYHGLVWULEXWLRQDQGWKHDFWXDOYDOXH6PDOOYDOXHVDUH
VRXJKWIRUWKHDYHUDJHZLGWKRI&3,VDQGWKH&536YDOXH 
%DVHGRQWKHSRLQWIRUHFDVWLQJPRGHOVYDOLGDWHGLQ6HFWLRQZKLFKDUHHPSOR\HG
WR PRGHO WKH SUHGLFWLYH FHQWUHV RI ZHDWKHU YDULDEOHV WKH SUREDELOLVWLF IRUHFDVWLQJ
PRGHOV DUH GHYHORSHG KHUH E\ PRGHOOLQJ WKH FRQGLWLRQDO KHWHURVFHGDVWLFLW\ RI WKH
SUHGLFWLYHGLVWULEXWLRQDVD OLQHDU IXQFWLRQRI UHFHQWFKDQJHV LQ WKHGH-WUHQGHGGDWD
ZLWKLQRQHKRXUIRUDLUWHPSHUDWXUHDQGZLQGVSHHGRUFRQFHQWUDWLRQRIUHFHQWZLQG
GLUHFWLRQREVHUYDWLRQVZLWKLQWZRKRXUV7RDQDO\VHWKHDGYDQWDJHRIPRGHOOLQJWKH
SUHGLFWLYH VSUHDG DV WLPH GHSHQGHQW LH WKH FRQGLWLRQDO KHWHURVFHGDVWLFLW\ WKH
KRPRVFHGDVWLFPRGHOLVDGGLWLRQDOO\FRQVWUXFWHGZKLFKDVVXPHVDFRQVWDQWSUHGLFWLYH
VSUHDGRUFRQFHQWUDWLRQSDUDPHWHUWKDWLVXSGDWHGRQFHDGD\ 
,QWKLVVHFWLRQWKH&536YDOXHVFDOLEUDWLRQDQGVKDUSQHVVDUHDVVHVVHGIRUGLIIHUHQW
SUREDELOLVWLF IRUHFDVWLQJ PRGHOV 7KH PRGHOV KDYLQJ WKH EHVW SHUIRUPDQFH DUH
VHOHFWHGWRJHQHUDWHSUHGLFWLYHGLVWULEXWLRQVIRUHDFKZHDWKHUSDUDPHWHU 
3.4.1. $VVHVVPHQWVRISUREDELOLVWLFZHDWKHUIRUHFDVWLQJ 
7KHSDUDPHWHUVLQWKHDXWR-UHJUHVVLYH$5DQGYHFWRUDXWR-UHJUHVVLYH9$5PRGHOV
DQGWKHQRQ-QHJDWLYHFRHIILFLHQWVUHSUHVHQWLQJWKHSUHGLFWLYHVSUHDGRUFRQFHQWUDWLRQ
SDUDPHWHUDUHGHWHUPLQHGWRPLQLPLVHWKHDYHUDJHYDOXHRI&536EDVHGRQKLVWRULF
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WLPH VHULHV ZLWKLQ D WUDLQLQJ ZLQGRZ 3UREDELOLVWLF -VWHS-DKHDG ZHDWKHU IRUHFDVWV
SURGXFHG E\ WKH IRXU PRGHOV KRPRVFHGDVWLF $5-+ DQG 9$5-+ PRGHOV DQG
FRQGLWLRQDOO\KHWHURVFHGDVWLF$5-&+DQG9$5-&+PRGHOVDUHDVVHVVHG7KH
DYHUDJH&536YDOXHVDQGDYHUDJHZLGWKVRI&3,VRISUREDELOLVWLFIRUHFDVWVIRU
HDFK ZHDWKHU SDUDPHWHU DW VWDWLRQV   DQG  DUH OLVWHG LQ 7DEOH - ZKHUH WKH
VPDOOHVWYDOXHVDPRQJWKHIRXUPRGHOVDUHKLJKOLJKWHGLQUHG 
7DEOH-&536DQGDYHUDJHZLGWKVRI&3,VRISUREDELOLVWLF-VWHS-DKHDGIRUHFDVWVSURGXFHGE\
IRXUSUREDELOLVWLFIRUHFDVWLQJPRGHOVIRUDLU WHPSHUDWXUH ௔ܶZLQGVSHHG ݓ௦ DQGZLQGGLUHFWLRQ ݓௗ
DWVWDWLRQVDQG 
  6WDWLRQ1R $5-+ 9$5-+ $5-&+ 9$5-&+ 
௔ܶ ሺԨሻ 
&536 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૙ૢ૙૝ 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૙ૡ૙૜ 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૙ૠૢ૙ 
 ? ? ?&3,V   ?Ǥ ? ? ? ? ૙Ǥ ૚ૡ૞૞  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?   ?Ǥ ? ? ? ? ૙Ǥ ૚૞૞ૠ  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? 
  ?Ǥ ? ? ? ? ૙Ǥ ૚૞૙૞  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? 
ݓ௦ ሺ݉ ݏ ? ሻ 
&536 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૚ૢૠ૛  ?Ǥ ? ? ? ? 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૛૛ૢ૙  ?Ǥ ? ? ? ? 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૛૜ૢ૛  ?Ǥ ? ? ? ? 
 ? ? ?&3,V   ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૝૞ૡ૝  ?Ǥ ? ? ? ?  ૙Ǥ ૞૛૞૚  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? 
  ?Ǥ ? ? ? ? ૙Ǥ ૝ૢૢૡ  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? 
ݓௗ ሺݎܽ݀݅ܽ݊ݏሻ 
&536 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૜૜ૢ૞  ?Ǥ ? ? ? ? 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૛૞૚૝  ?Ǥ ? ? ? ? 
  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? ૙Ǥ ૚ૡૡ૛  ?Ǥ ? ? ? ? 
 ? ? ?&3,V  ૙Ǥ ૠ૝૜૜  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ૙Ǥ ૝૟૟૞  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? 
 ૙Ǥ ૛ૢ૟૞  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ?  ?Ǥ ? ? ? ? 
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7KHH[SHULPHQWDOUHVXOWVVKRZWKDWRYHUKDOIRIWKHWLPHWKHSUHGLFWLYHGLVWULEXWLRQV
PRGHOOHG E\ FRQGLWLRQDOO\ KHWHURVFHGDVWLF PRGHOV DUH PRUH FRQFHQWUDWHG WKDQ WKH
GLVWULEXWLRQVPRGHOOHGE\KRPRVFHGDVWLFPRGHOV)RUH[DPSOHSUHGLFWLYHVSUHDGVRI
DLUWHPSHUDWXUHIRUVWHSPLQXWHVDKHDGGHWHUPLQHGE\WKH9$5-&+PRGHO
DW VWDWLRQ  DUH VPDOOHU WKDQ WKRVH WKDW DUH HVWLPDWHG E\ WKH 9$5-+ PRGHO IRU
DERXWRI WKH WLPH+RZHYHU GXH WR VRPHH[WUHPHO\GLVSHUVLYHGLVWULEXWLRQV
IRU FRQGLWLRQDOO\ KHWHURVFHGDVWLF PRGHOV PRVW RI WKH DYHUDJH ZLGWKV RI  &3,V
PRGHOOHGE\WKHKRPRVFHGDVWLFPRGHOVDUHVPDOOHURQDYHUDJHDWWKHFRVWRIORVLQJD
FHUWDLQFDOLEUDWLRQ7KLVFDQEHLQVSHFWHGIURPWKHLU3,7KLVWRJUDPVDVVKRZQLQ)LJV
-±-ZKHUHWKHUHODWLYHIUHTXHQF\RISHUSHUFHQWLOHVIRUDXQLIRUP3,7
KLVWRJUDPZKLFKUHYHDOVSUREDELOLVWLFIRUHFDVWVWREHIXOO\FDOLEUDWHGLVGHQRWHGE\D
EODFNGDVKHGOLQH,QDGGLWLRQWKHSUREDELOLVWLFIRUHFDVWVHVWLPDWHGE\FRQGLWLRQDOO\
KHWHURVFHGDVWLFPRGHOVDUHJHQHUDOO\VKRZQWRKDYHDVPDOOHU&536YDOXHWKDQWKRVH
IRUKRPRVFHGDVWLFPRGHOV 
 
)LJ - 3,7 KLVWRJUDPV IRU SUREDELOLVWLF -VWHS-DKHDG DLU WHPSHUDWXUH IRUHFDVWV SURGXFHG E\ IRXU
SUREDELOLVWLFPRGHOVDWVWDWLRQ 
0 0.2 0.4 0.6 0.8 1
0   
0.05
0.1 
0.15
0.2 
PIT for VAR(2)-H
Re
la
tiv
e 
Fr
eq
u
en
cy
0 0.2 0.4 0.6 0.8 1
0   
0.05
0.1 
0.15
0.2 
PIT for VAR(2)-CH
Re
la
tiv
e 
Fr
eq
u
en
cy
0 0.2 0.4 0.6 0.8 1
0   
0.05
0.1 
0.15
0.2 
PIT for AR(4)-H
Re
la
tiv
e 
Fr
eq
u
en
cy
0 0.2 0.4 0.6 0.8 1
0   
0.05
0.1 
0.15
0.2 
PIT for AR(4)-CH
Re
la
tiv
e 
Fr
eq
u
en
cy
107 
 
 
)LJ - 3,7 KLVWRJUDPV IRU SUREDELOLVWLF -VWHS-DKHDG ZLQG VSHHG IRUHFDVWV SURGXFHG E\ IRXU
SUREDELOLVWLFPRGHOVDWVWDWLRQ 
 
)LJ - 3,7 KLVWRJUDPV IRU SUREDELOLVWLF -VWHS-DKHDG ZLQG GLUHFWLRQ IRUHFDVWV SURGXFHG E\ IRXU
SUREDELOLVWLFPRGHOVDWVWDWLRQ 
7KH 3,7 KLVWRJUDPV LQ )LJV - ± - GHPRQVWUDWH WKDW WKH FRQGLWLRQDOO\
KHWHURVFHGDVWLF PRGHOV JHQHUDOO\ VKRZ D EHWWHU FDOLEUDWLRQ WKDQ WKHLU UHVSHFWLYH
KRPRVFHGDVWLFPRGHOV7KHYDULDQFHRIUHODWLYHIUHTXHQF\DWHDFKSHUFHQWLOHFDQEH
XVHG DV DQ LQGLFDWRU WR DVVHVV WKH GLVWULEXWLRQ RI D 3,7 KLVWRJUDP DQG WKXV WKH
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FDOLEUDWLRQ RI SUREDELOLVWLF IRUHFDVWV $ VPDOOHU YDULDQFH LQGLFDWHV WKDW WKH 3,7
KLVWRJUDPLVFORVHUWRDXQLIRUPGLVWULEXWLRQLHWKHSUREDELOLVWLFIRUHFDVWVKDYLQJD
EHWWHU FDOLEUDWLRQ )LJ - VKRZV WKDW WKH YDULDQFH RI UHODWLYH IUHTXHQF\ DW HDFK
SUHGLFWLYH SHUFHQWLOH IRU  VWHSV DKHDG IRU WKH FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+
PRGHOV LV VPDOOHU WKDQ WKDW IRU WKHLU UHVSHFWLYHKRPRVFHGDVWLF +PRGHOV IRUHDFK
ZHDWKHUSDUDPHWHUDWDOOVWDWLRQV 
 
)LJ-9DULDQFHVRIUHODWLYHIUHTXHQF\DWHDFKSUHGLFWLYHSHUFHQWLOHVIRUVWHSVKDOIKRXUDKHDG
HVWLPDWHG E\ WKH KRPRVFHGDVWLF + PRGHOV DQG WKH FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+ PRGHOV IRU
HDFKZHDWKHUYDULDEOH 
$V D VXPPDU\ LQGLFDWRU UHIOHFWLQJ ERWK FDOLEUDWLRQ DQG VKDUSQHVV RI SUREDELOLVWLF
IRUHFDVWVWKHDYHUDJH&536YDOXHVRIFRQGLWLRQDOO\KHWHURVFHGDVWLFPRGHOVDQGWKHLU
UHVSHFWLYH KRPRVFHGDVWLF PRGHOV DUH FRPSDUHG IRU HDFK ZHDWKHU SDUDPHWHU DW DOO
ZHDWKHUVWDWLRQVDVVKRZQLQ)LJV-±-7KHH[SHULPHQWDOUHVXOWVVXJJHVWWKDW
WKH9$5-&+$5-&+DQG$5-&+PRGHOVKDYLQJVPDOOHU&536YDOXHVDUH
XVHGWRHVWLPDWHSUREDELOLVWLF-VWHS-DKHDGIRUHFDVWVIRUDLUWHPSHUDWXUHZLQGVSHHG
DQGZLQGGLUHFWLRQUHVSHFWLYHO\)RUDQGVWHSVDKHDGWKH9$5-&+$5-&+
DQG$5-&+PRGHOVDUHVHOHFWHGIRUHDFKZHDWKHUSDUDPHWHU 
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)LJ - &536 YDOXHV Ԩ RI SUREDELOLVWLF DLU WHPSHUDWXUH IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV DKHDG
SURGXFHGE\WKH9$5-&+DQG9$5-+PRGHOV 
 
)LJ - &536 YDOXHV ݉ ݏ ?  RI SUREDELOLVWLF ZLQG VSHHG IRUHFDVWV IRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSV DKHDG
SURGXFHGE\WKH$5-&+DQG$5-+PRGHOV 
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)LJ-&536YDOXHVUDGLDQVRISUREDELOLVWLFZLQGGLUHFWLRQIRUHFDVWVIRU ܮ ൌ  ?ǡ  ?ǡ  ? VWHSVDKHDG
SURGXFHGE\WKH$5-&+DQG$5-+PRGHOV 
7KHDQG&3,VDVVRFLDWHGZLWKWKHLU-DQG-VWHS-DKHDGSUHGLFWLYHFHQWUHV
IRUZLQGVSHHGDQGGLUHFWLRQRQDWVWDWLRQDUHVKRZQLQ)LJV-DQG
-UHVSHFWLYHO\)RUSUREDELOLVWLFIRUHFDVWLQJRIZLQGVSHHGWKHREVHUYDWLRQVORFDWH
ZLWKLQWKH-VWHS-DKHDGDQG-VWHS-DKHDG&3,VIRUDURXQGDQGRI
WKHWLPHUHVSHFWLYHO\DQGZLWKLQWKH&3,VIRUDSSUR[LPDWHO\DQG
RIWKHWLPHUHVSHFWLYHO\,QDGGLWLRQWKHH[SHFWHGYDOXHVRISUREDELOLVWLFZLQGVSHHG
IRUHFDVWVHTXLYDOHQWWRWKHSRLQWIRUHFDVWVIRUDQGVWHSVDKHDGHVWLPDWHGE\WKH
$5-&+ PRGHOV KDYLQJ 506(V RI  ?Ǥ ? ?݉ ݏ ?  DQG  ?Ǥ ? ?݉ ݏ ?  UHVSHFWLYHO\ JLYH
DQGLPSURYHPHQWRYHUSHUVLVWHQFHIRUHFDVWV 
)RU SUREDELOLVWLF IRUHFDVWLQJ RI ZLQG GLUHFWLRQ WKH REVHUYDWLRQV ORFDWH ZLWKLQ WKH
-VWHS-DKHDG DQG -VWHS-DKHDG  &3,V IRU DERXW  DQG  RI WKH WLPH
UHVSHFWLYHO\ DQG ZLWKLQ WKH  &3,V IRU DURXQG  DQG  RI WKH WLPH
UHVSHFWLYHO\ )XUWKHUPRUH WKH H[SHFWHG YDOXHV RI SUREDELOLVWLF ZLQG GLUHFWLRQ
IRUHFDVWVIRUDQGVWHSVDKHDGJHQHUDWHGE\WKH$5-&+DQG$5-&+PRGHOV
KDYH506(VRI UDGLDQV DQG UDGLDQV UHVSHFWLYHO\ZKLFK JLYH DQG
LPSURYHPHQWRYHUSHUVLVWHQFHIRUHFDVWV 
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)LJ-7KHDQG&3,VDVVRFLDWHGZLWK-VWHS-DKHDGDQG-VWHS-DKHDGSUHGLFWLYHFHQWUHVRI
ZLQGVSHHGPRGHOOHGE\WKH$5-&+PRGHOVRQDWVWDWLRQ 
 
)LJ-7KHDQG&3,VDVVRFLDWHGZLWK-VWHS-DKHDGDQG-VWHS-DKDHGSUHGLFWLYHFHQWUHVRI
ZLQGGLUHFWLRQPRGHOOHGE\WKH$5-&+DQG$5-&+PRGHOVRQDWVWDWLRQ 
,WFDQEHIRXQGWKDWWKHSUHGLFWLYHGLVWULEXWLRQVIRUVWHSVKDOIKRXUDKHDGDUHOHVV
FRQFHQWUDWHGWKDQWKHGLVWULEXWLRQVIRUVWHSPLQXWHVDKHDG7KLV LVEHFDXVHD
VDWLVIDFWRU\ FDOLEUDWLRQ LV WR EH SUHVHUYHG ZKLOH WKH IRUHFDVW HUURU LQFUHDVHV IRU 
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VWHSV DKHDG $V WKH WLPH KRUL]RQ LQFUHDVHV WKH UHGXFWLRQ LQ WKH VKDUSQHVV RU
FRQFHQWUDWLRQRISUHGLFWLYHGLVWULEXWLRQ UHVXOWV LQDQ LQFUHDVH LQ WKH&536YDOXHDV
VKRZQLQ)LJV-±- 
3.5. &RQFOXVLRQV 
$QXPEHURISRLQWRUGHWHUPLQLVWLFDQGSUREDELOLVWLFIRUHFDVWLQJPRGHOVKDYHEHHQ
GHYHORSHG IRU GLIIHUHQW ZHDWKHU SDUDPHWHUV LQ WKLV FKDSWHU E\ WKH XVH RI DQ
DXWR-UHJUHVVLYH SURFHVV WKDW LV FRPELQHG ZLWK D WHFKQLTXH RI PLQLPXP FRQWLQXRXV
UDQNHGSUREDELOLW\VFRUH&536HVWLPDWLRQ7KHWLPHVHULHVIRUHFDVWLQJPRGHOVKDYH
EHHQVHOHFWHG IRUHDFKZHDWKHUSDUDPHWHUEDVHGRQ WKHLUSHUIRUPDQFHV UHIOHFWHGE\
WKH URRW PHDQ VTXDUH HUURU 506( IRU SRLQW IRUHFDVWV DQG WKH &536 YDOXH IRU
SUREDELOLVWLFIRUHFDVWV 
7KH SRLQW IRUHFDVWLQJ PRGHOV DUH ILUVW GHWHUPLQHG IRU HDFK ZHDWKHU SDUDPHWHU IRU
GLIIHUHQWWLPHKRUL]RQVVLQFHWKH\DUHWKHEDVLVRQZKLFKWKHSUREDELOLVWLFIRUHFDVWLQJ
PRGHOV DUH HVWDEOLVKHG ,Q WKH PDLQ WKH SRLQW IRUHFDVW RI D ZHDWKHU YDULDEOH LV
PRGHOOHG DV D VXP RI WKH ILWWHG GLXUQDO WUHQG FRPSRQHQW DQG WKH FRUUHVSRQGLQJ
GH-WUHQGHGGDWDIRUHFDVWE\DQDXWR-UHJUHVVLYH$5RUYHFWRUDXWR-UHJUHVVLYH9$5
PRGHO 7KH QG RUGHU )RXULHU VHULHV LV XVHG WR H[WUDFW GLXUQDO WUHQGV IURP KLVWRULF
WLPHVHULHVZLWKLQDVOLGLQJWUDLQLQJZLQGRZIRUDLUWHPSHUDWXUHZLQGVSHHGDQGWKH
HDVWHUO\ DQG QRUWKHUO\ FRPSRQHQWV RI ZLQG GLUHFWLRQ VHSDUDWHO\ GLXUQDO WUHQGV RI
VRODUUDGLDWLRQDUHILWWHGE\WKHUGRUGHU)RXULHUVHULHVZKLFKDFFXUDWHO\PRGHOVWKH
YDULDWLRQLQVRODUUDGLDWLRQHVSHFLDOO\DURXQGVXQULVHDQGVXQVHW7KH$5DQG9$5
PRGHOVDUHWKHQDSSOLHGWRWKHGH-WUHQGHGGDWDZLWKLQWKHWUDLQLQJZLQGRZ 
7KHSRLQWIRUHFDVWVRIZHDWKHUYDULDEOHVIRUXSWRVWHSVKDOIKRXUDKHDGHVWLPDWHG
E\WKH$5DQG9$5PRGHOVDUHDVVHVVHGIRUGLIIHUHQW WUDLQLQJZLQGRZOHQJWKVDQG
GLIIHUHQW PRGHO RUGHUV *LYHQ D VXIILFLHQWO\ ORQJ WUDLQLQJ ZLQGRZ WKH 9$5
IRUHFDVWLQJPRGHOVDUHJHQHUDOO\ VKRZQ WRSHUIRUPEHWWHU WKDQ WKH$5PRGHOV LQD
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SUHOLPLQDU\ WHVW ZKHUH WKH PRGHO RUGHU RI  LV XVHG 7KHUH LV D WUDGH-RII LQ WKH
VHOHFWLRQ RI WUDLQLQJ ZLQGRZ OHQJWK EHWZHHQ XVLQJ D ORQJHU ZLQGRZ WR UHGXFH WKH
VWDWLVWLFDO YDULDELOLW\ LQ WKH HVWLPDWLRQ RI PRGHO SDUDPHWHUV DQG XVLQJ D VKRUWHU
ZLQGRZ WR DYRLG WKH VHDVRQDO YDULDWLRQV EHLQJ H[FHVVLYHO\ VPRRWKHG $PRQJVW D
UDQJHRIHIIHFWLYHWUDLQLQJZLQGRZOHQJWKVIRU$5DQG9$5PRGHOVKHUHDQG
GD\V DUH UHDVRQDEOH FKRLFHV IRU DLU WHPSHUDWXUH ZLQG VSHHGDQGZLQGGLUHFWLRQ
UHVSHFWLYHO\ VLQFH WKH\ KDYH EHHQ IRXQG WR ZRUN ZHOO DW DOO ZHDWKHU VWDWLRQV )RU
VRODUUDGLDWLRQDQGGD\VDUHVHOHFWHGIRU$5DQG9$5PRGHOVUHVSHFWLYHO\ 
8VLQJ WKH VHOHFWHG WUDLQLQJ ZLQGRZ OHQJWKV WKH 9$5 PRGHOV DUH PRVWO\ VKRZQ WR
SHUIRUPEHWWHUWKDQWKH$5PRGHOVRIDVDPHRUGHUGXHWRDGGLWLRQDOO\FDSWXULQJWKH
VSDWLDO FRUUHODWLRQV DPRQJ WKH ILHOG GDWD 7KH 9$5 DQG 9$5 PRGHOV DUH
VHOHFWHG IRU DLU WHPSHUDWXUH DQG VRODU UDGLDWLRQ UHVSHFWLYHO\ VLQFH WKH\ JLYH EHWWHU
SHUIRUPDQFHVWKDQWKH$5PRGHOVDQGLQVLJQLILFDQWLPSURYHPHQWVDUHREWDLQHGZKHQ
XVLQJKLJKHURUGHUV)RUZLQGVSHHGDQGZLQGGLUHFWLRQWKH$5PRGHOVRIDKLJKHU
RUGHUKDYHIHZHUDXWR-UHJUHVVLYHSDUDPHWHUVDQGSHUIRUPVLPLODUO\WRRUHYHQEHWWHU
WKDQ WKH 9$5 PRGHOV RI D ORZHU RUGHU 6LQFH KDYLQJ IHZHU SDUDPHWHUV FDQ UHGXFH
FRPSXWDWLRQ WLPH LQ WKHSURFHVVRIPLQLPLVLQJ&536YDOXH WKH$5PRGHOVDUH
XVHG WRSUHGLFWZLQGVSHHGVIRUXS WRVWHSVDKHDG)RUZLQGGLUHFWLRQ WKH$5
PRGHO LV HPSOR\HG IRU -VWHS-DKHDG IRUHFDVWLQJ DQG WKH $5 IRUHFDVWLQJ PRGHOV
DUH SUHIHUUHG IRU  DQG  VWHSV DKHDG LQ WKLV UHVHDUFK 7KURXJK DQ DVVHVVPHQW RI
IRUHFDVW HUURUV RI VWHDG\-VWDWH UDWLQJV DW WZR SDUWLFXODU VSDQV LQ FORVH SUR[LPLW\ WR
ZHDWKHUVWDWLRQVGXHWRWKHIRUHFDVWXQFHUWDLQW\RIHDFKLQGLYLGXDOZHDWKHUYDULDEOH
ZLQGFRQGLWLRQVDUHIRXQGWREHWKHGRPLQDQWIDFWRUVWKDWDIIHFWWKHIRUHFDVWDFFXUDF\
RIVWHDG\-VWDWH'/5V 
7ZRDSSURDFKHVWRPRGHOOLQJWKHVSUHDGVRUFRQFHQWUDWLRQSDUDPHWHUVRISUHGLFWLYH
GLVWULEXWLRQV KDYH EHHQ FRPSDUHG D KRPRVFHGDVWLF + PRGHO WKDW DVVXPHV D
FRQVWDQW SUHGLFWLYH VSUHDG DQG D FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+ PRGHO WKDW
HVWLPDWHVWKHSUHGLFWLYHVSUHDGDVWLPHYDULDEOHEDVHGRQUHFHQWFKDQJHVLQZHDWKHU
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GDWD 'XH WR WKH FRQVWDQWO\ DGMXVWHG SUHGLFWLYH VSUHDGV WKH SUHGLFWLYH GLVWULEXWLRQV
JHQHUDWHG E\ WKH &+ PRGHOV DUH IRXQG WR EH RI EHWWHU FDOLEUDWLRQ DQG PRUH
FRQFHQWUDWHGLQPRVWFDVHVWKDQWKRVHWKDWDUHSURGXFHGE\WKH+PRGHOV+RZHYHU
PRVWRI WKH DYHUDJH ZLGWKVRI FHQWUDO SUHGLFWLRQ LQWHUYDOVPRGHOOHGE\ &+PRGHOV
DUHODUJHURQDYHUDJHGXHWRVRPHH[WUHPHO\GLVSHUVLYHGLVWULEXWLRQV7KHFDOFXODWHG
&536 YDOXHV GHPRQVWUDWH WKDW WKH 9$5-&+ $5-&+ DQG $5-&+ PRGHOV
JLYH WKH EHVW SHUIRUPDQFH FRQVLGHULQJ WKH WUDGH-RII EHWZHHQ FDOLEUDWLRQ DQG
VKDUSQHVVDQGVKRXOGEHXVHGWRJHQHUDWHSUREDELOLVWLF-VWHS-DKHDGIRUHFDVWVIRUDLU
WHPSHUDWXUH ZLQG VSHHG DQG ZLQG GLUHFWLRQ UHVSHFWLYHO\ )RU WZR DQG WKUHH
-PLQXWHV WLPH VWHSV DKHDG WKH 9$5-&+ $5-&+ DQG $5-&+ PRGHOV
VKRXOG EH HPSOR\HG IRU HDFK ZHDWKHU SDUDPHWHU UHVSHFWLYHO\ LQ WKLV UHVHDUFK 7KH
SUHGLFWLYHGLVWULEXWLRQVHVWLPDWHGE\WKH&+IRUHFDVWLQJPRGHOVIRUDLUWHPSHUDWXUH
ZLQGVSHHGDQGZLQGGLUHFWLRQDQGSRLQWIRUHFDVWVRIVRODUUDGLDWLRQZLOOEHXVHGWR
JHQHUDWHSUREDELOLVWLFIRUHFDVWVRI'/5VIRUVSDQVDQGRYHUKHDGOLQHV  
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4. 5$1.&255(/$7,21%$6('3$,5,1*$1'
63$7,$/,17(532/$7,21 
4.1. ,QWURGXFWLRQ 
7KH WKHUPDO UDWLQJ RI DQ RYHUKHDG FRQGXFWRU LV LQIOXHQFHG E\ GLIIHUHQW ZHDWKHU
YDULDEOHV LQ D FRPSOH[ ZD\ ,W LV GLIILFXOW WR GLUHFWO\ FDOFXODWH WKH SUREDELOLVWLF
IRUHFDVWV RI G\QDPLF OLQH UDWLQJ '/5 IURP SUHGLFWLYH GLVWULEXWLRQV RI ZHDWKHU
YDULDEOHV WKURXJK D WKHUPDO PRGHO RI RYHUKHDG FRQGXFWRUV >@ )RU H[DPSOH WKH
FRQYHFWLRQKHDWORVVUDWHRIWKHFRQGXFWRUSHUXQLWOHQJWKLVHVWLPDWHGDVWKHODUJHVW
YDOXHRI WKUHH FRPSRQHQWV WKDW DUHGHWHUPLQHGE\ DLU WHPSHUDWXUHZLQG VSHHGDQG
ZLQGGLUHFWLRQLQGLIIHUHQWZD\VDVGHILQHGE\HTXDWLRQV---$OWHUQDWLYHO\
0RQWH&DUORVLPXODWLRQ>@allows us to model different combinations of weather 
input variables, as well as their interdependent relationships. It is used to produce a 
large number of sampled values of steady-state DLR forecasts by evaluating the 
outputs (ratings) of the thermal model of overhead conductors [3] for inputs of values 
randomly sampled from the predictive probability distributions of air temperature, 
wind speed and wind direction modelled by the conditionally heteroscedastic 
auto-regressive models and point forecasts of solar radiation. 
,QRUGHUWRFRYHUDUDQJHRISRVVLEOHZHDWKHUFRQGLWLRQVDVXIILFLHQWO\ODUJHQXPEHU
VD\ ܰெ஼ ൌ  ? ?ସ RIZHDWKHULQSXWYDULDEOHVDUHUDQGRPO\VDPSOHGIURPWKHPRGHOOHG
QRUPDOWUXQFDWHGQRUPDODQGYRQ0LVHVGLVWULEXWLRQVDVDSSURSULDWHWRWKHGLIIHUHQW
YDULDEOHV WKURXJK WKH FRGHV SURYLGHG LQ >  @ 7KH QXPHURXV UDQGRP
ZHDWKHU LQSXW YDULDEOHV FDQ EH UHJDUGHG DV EHLQJ LQGHSHQGHQW RI HDFK RWKHU VLQFH
WKH\DUHUDQGRPO\DQGLQGHSHQGHQWO\VDPSOHGIURPWKHLURZQSUHGLFWLYHGLVWULEXWLRQV
)RU H[DPSOH WZR VHULHV FRQVLVWLQJRI  ? ?ସ UDQGRP VDPSOHV WKDW DUH LQGHSHQGHQWO\
JHQHUDWHGIURPDVWDQGDUGQRUPDOGLVWULEXWLRQW\SLFDOO\KDYHDFRUUHODWLRQOHVV WKDQ
 
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'LIIHUHQWSDLUVRIZHDWKHUYDULDEOHVDUHFRUUHODWHG$UDQNFRUUHODWLRQEDVHGSDLULQJ
PHWKRG>@LQGHSHQGHQWRIWKHW\SHRIGLVWULEXWLRQLVXVHGWRSDLULQGHSHQGHQWO\
VDPSOHG UDQGRP ZHDWKHU YDULDEOHV VR DV WR FUHDWH D FRUUHODWLRQ VLPLODU WR WKDW
FDOFXODWHG IURP ZHDWKHU REVHUYDWLRQV RYHU UHFHQW GD\V )RU D VLQJOH VSDQ LQ
SUR[LPLW\WRDQLQVWDOOHGZHDWKHUVWDWLRQWKHXQFHUWDLQW\RI'/5IRUHFDVWVLVPDLQO\
GHWHUPLQHG E\ WKH GLVWULEXWLRQ RI ZHDWKHU SUHGLFWLRQ HUURUV 7KH LQGHSHQGHQW RU
FRUUHODWHGSDLUHGZHDWKHUVDPSOHVDWWKHVWDWLRQDUHGLUHFWO\DSSOLHGWRWKHWKHUPDO
PRGHORIWKHFRQGXFWRUVWRHVWLPDWHSUREDELOLVWLF'/5IRUHFDVWVIRUWKHVSDQ)RUDQ
HQWLUH RYHUKHDG OLQH 2+/ WKH SRVVLEOH ZHDWKHU SUHGLFWLRQV IRU HDFK VSDQ are 
extrapolated from the correlated or independent random samples of the measured 
weather variables by using suitable spatial interpolation models. The minimum value 
of the steady-state ratings for all spans within an OHL derived from inferences of 
weather samples is then applied to the entire OHL in each of 104 scenarios. 
This chapter describes the application of the rank correlation based pairing method to 
random weather samples of both different parameters and the same parameters at all 
stations. In addition, the spatial interpolation methods that were used in previous 
research [20] are improved here through an investigation into a number of available 
spatial interpolation methods and a comparison between their performances for each 
weather variable. 
4.2. 0HWKRGRORJ\ 
4.2.1. 5DQNFRUUHODWLRQEDVHGSDLULQJPHWKRG>@ 
7KH 6SHDUPDQ¶V rank correlation coefficient represents the statistical dependence 
EHWZHHQ WKH UDQNLQJV RI WZR YDULDEOHV )RU OLQHDU YDULDEOHV WKH 6SHDUPDQ¶V UDQN
correlation coefficient ݎܿ௟ǡ௟ is defined as [75]: 
ݎܿ௟ǡ௟ ൌ  ? െ  ? ?  ?ݎ௟ǡ௜ଶ௥ܰሺ ௥ܰଶ െ  ?ሻ -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where ௥ܰ is the number of data pairs which have rank differences  ?ݎ௟ǡ௜ǡ ݅ ൌ  ?ǡ ǥ ǡ ௥ܰ. 
The term ݎܿ௟ǡ௟ ranges from െ ? to ൅ ? with ݎܿ௟ǡ௟ ൌ  ? indicating two independent 
linear variables, i.e. no correlation, and ݎܿ௟ǡ௟ ൌ േ ?  meaning a significant 
positive/negative correlation between their ranks. The uniform score or circular rank ݎ௖ǡ௜ associated with wind direction ݓௗǡ௜ is defined as [123]: ݎܿǡ݅ ൌ  ?ߨܿݎ ݈ǡ݅ܰݎ ǡ ݅ ൌ  ?ǡ ǥ ǡ ܰݎ - 
where ݎ௖௟ǡ௜ represents the linear rank of ݓௗǡ௜ when ݓௗǡଵǡ ǥ ǡ ݓௗǡேೝ are treated as 
linear data and it is multiplied by  ?ߨȀ ௥ܰ to obtain the corresponding circular rank ݎ௖ǡ௜ . The C-association ܥܽ௟ǡ௖ଶ  describing the rank relationship between a linear 
variable of rank ݎ௟ǡ௜ǡ ݅ ൌ  ?ǡ ǥ ǡ ௥ܰ and a circular variable of rank ݎ௖ǡ௜ǡ ݅ ൌ  ?ǡ ǥ ǡ ௥ܰ is 
evaluated by [124]: ܥ݈ܽǡܿ ? ൌ ܥݎܰݎ ቀܥݎ ܿ?൅ ܥݎݏ ?ቁ - 
where, ܥݎ௖ ൌ  ?ݎ௟ǡ௜  ݎ௖ǡ௜ ܥݎ௦ ൌ  ?ݎ௟ǡ௜  ݎ௖ǡ௜  ܥݎேೝ ൌ ൜ ? ሾ ? ൅  ?ଶሺߨ ௥ܰ ? ሻ൅  ?ସሺߨ ௥ܰ ? ሻሿ ?  ௥ܰ݁ݒ݁݊ ? ସሺߨ ௥ܰ ? ሻ ሾ ? ൅ሺߨ ௥ܰ ? ሻሿଷ ?  ௥ܰ݋݀݀   
It is noted that the C-association between a linear variable and a circular variable is 
non-negative. They are independent of each other if ܥܽ௟ǡ௖ଶ ൌ  ? and are highly 
correlated if ܥܽ௟ǡ௖ଶ  approaches 1. Please refer to [124] which details the T-monotone 
association that represents the rank relationship between circular variables. 
Based on equations (4-1) ± (4-3), the elements in a ሺ݊ோ ൈ ݊ோሻ rank correlation 
matrix ܥோ that is made up of the rank correlations among ݊ோ weather variables can 
be computed from each pair of weather observations taken over recent days. A new 
matrix ܯோ  of size ሺܰெ஼ ൈ ݊ோሻ  is generated in which each column comprises 
arbitrary van der Waerden scores ߔିଵሺ݅ ሺܰெ஼ ൅  ?ሻ ? ሻǡ ݅ ൌ  ?ǡ ǥ ǡ ெܰ஼  [122]. The 
lower triangular matrices ோܲ and ܳோ are obtained through Cholesky factorization 
such that ோܲ ோܲᇱ ൌ ܥோ and ܳோܳோᇱ ൌ ܥெோ where ܥெோ is the sample rank correlation 
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matrix associated with ܯோ . The matrix ܯோכ ൌ ܯோሺ ோܲܳோି ଵሻᇱ  would have a rank 
correlation matrix quite similar to ܥோ. Then the random weather input variables 
sampled from each independent marginal distribution are sorted according to the 
order of corresponding column in ܯோכ  [122]. In this manner, the dependence among 
historic time series of weather variables within the most recent days is incorporated 
into the paired multivariate random weather input variables. 
4.2.2. 6SDWLDOLQWHUSRODWLRQ 
Spatial interpolation models that estimate ambient conditions for each span from the 
measured weather data enable the weather-based DLR model to assess the spare 
ampacity of an entire OHL. The inverse distance weighting (IDW) method was 
previously used in [10, 20] to calculate the sampling weight as a decreasing function 
of distance from the target location. However, the influences of geographical 
variables of interest on local weather conditions were not considered except for the 
use of a wind profile power law with a reference level of 200m above ground level 
for wind speed interpolation. In addition to the IDW method, a geostatistical 
interpolation method, kriging, is developed in this section to estimate weather data 
for each span. The kriging model additionally takes account of spatial correlations 
not only between the target and sampled locations but also between the sampled 
locations themselves and GRHV QRW DVVLJQ DQ XQGXO\ KLJK ZHLJKWLQJ WR ZKDW DUH
HIIHFWLYHO\GXSOLFDWHPHDVXUHPHQWV LQ VLPLODU ORFDWLRQV. Furthermore, the effects of 
the associated geographical variables on local weather conditions are investigated 
and considered in the process of spatial interpolation. 
4.2.2.1. ,QYHUVHGLVWDQFHZHLJKWLQJDQGNULJLQJ 
,QYHUVHGLVWDQFHZHLJKWLQJ,':and kriging both infer the value at a target location 
as a weighted sum of observations at surrounding sampled locations [125]: ߦሺ݈݋ܿ௢ሻ െ ݉݁ሺ݈݋ܿ௢ሻ ൌ ෍ ߣ௜ሾߦሺ݈݋ܿ௜ሻ െ ݉݁ሺ݈݋ܿ௜ሻሿேሺ௟௢௖ሻ௜ୀଵ  -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ZKHUH ߦሺ݈݋ܿ௢ሻ and ߦሺ݈݋ܿ௜ሻ are values at the target location ݈݋ܿ௢ and the sampled 
location ݈݋ܿ௜  respectively. The terms ݉݁ሺ݈݋ܿ௢ሻ  and ݉݁ሺ݈݋ܿ௜ሻ  represent the 
expected values or trend components of ߦሺ݈݋ܿ௢ሻ  and ߦሺ݈݋ܿ௜ሻ . ܰሺ݈݋ܿሻ  is the 
number of sampled locations and ߣ௜ is the weight assigned to the sampled location ݈݋ܿ௜ǡ ݅ ൌ  ?ǡ ǥ ǡ ሺ݈ܰ݋ܿሻ. 
,': LV D UHODWLYHO\ VLPSOH VSDWLDO LQWHUSRODWLRQ PHWKRG 7KH ,': ZHLJKWV ߣூ஽ௐǡ௜ 
are inversely proportional to the distances ݀ݏ௜ǡ௢ between ݈݋ܿ௢ and ݈݋ܿ௜: ߣܫܦܹǡ݅ ൌ  ? ݀݅ݏǡ݋ݍ ? ? ൫ ? ݆݀ݏǡ݋ݍൗ ൯ܰሺ݈݋ܿሻ݆ൌ ?  - 
where ݍ is a power parameter. A higher power parameter ݍ will increase the 
influences of the nearest sampled locations while the use of a lower ݍ results in a 
smoother interpolation surface [126]. A default value of ݍ equal to 2 was used in 
[20]. 
The kriging weights are determined to minimise the variance of estimation errors. In 
addition to the distance ݀ݏ௜ǡ௢ , kriging weights ߣ௄ோூǡ௜  largely depend on spatial 
relationships among weather variables at all locations [125]: ߣ௄ோூǡ௜ ൌ ࡷିଵ࢑ - 
ZKHUH ࡷ UHSUHVHQWVWKHPDWUL[RIFRYDULDQFHVEHWZHHQWKHVDPSOHGORFDWLRQVDQG ࢑
LVWKHYHFWRURIFRYDULDQFHVEHWZHHQWKHWDUJHWDQGVDPSOHGORFDWLRQV7KHHOHPHQWV
LQERWK ࡷ DQG ࢑ DUHHVWLPDWHGXVLQJDVHPL-YDULRJUDPPRGHOZKLFKGHVFULEHVKRZ
WKH VSDWLDO YDULDELOLW\ EHWZHHQ ZHDWKHU YDULDEOHV UHSUHVHQWHG E\ WKH VHPL-YDULDQFH
LQFUHDVHV ZLWK GLVWDQFH 7KH VHPL-YDULRJUDP PRGHO LV ILWWHG WR WKH HPSLULFDO
VHPL-YDULDQFH ߛሺ݄௦ሻ FDOFXODWHGIURPKLVWRULFWLPHVHULHVDWVDPSOHGORFDWLRQV>@ ߛሺ݄௦ሻ ൌ  ? ? ሺ݄ܰ௦ሻ ෍ ሾߦሺ݈݋ܿ௜ሻ െ ߦሺ݈݋ܿ௜ ? ௦݄ሻሿଶேሺ௛ೞሻ௜ୀଵ  - 
ZKHUH ܰሺ݄௦ሻ  LV WKH QXPEHU RI SDLUV RI REVHUYDWLRQV ߦሺ݈݋ܿ௜ሻ  DQG ߦሺ݈݋ܿ௜ ? ௦݄ሻ
ZKLFK DUH D GLVWDQFH ODJ ݄௦  DSDUW 7KH VHPL-YDULRJUDP WKDW PRGHOV WKH VSDWLDO
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YDULDELOLW\DPRQJZHDWKHUYDULDEOHVFDQEHILWWHGE\VHYHUDOPDWKHPDWLFDOIXQFWLRQV
HJDVSKHULFDOPRGHODQH[SRQHQWLDOPRGHODQGD*DXVVLDQPRGHO>@ZKLFKDUH
OLVWHGLQHTXDWLRQV-±-UHVSHFWLYHO\ 
ߛכሺ݄௦ሻ ൌ ۖەۖ۔
ۓ  ?ǡ݄௦ ൌ  ?ܾఊ ൅ ܿఊ ൝ ? ௦݄ ? ఊܽ െ  ? ?ቆ݄௦ܽఊቇଷൡ ǡ ? ൏ ௦݄ ൏ ܽఊܾఊ ൅ ܿఊǡ݄௦ ൒ ܽఊ  - 
ߛכሺ݄௦ሻ ൌ ቐ ?ǡ݄௦ ൌ  ?ܾఊ ൅ ܿఊ ቊ ? െ ݁ݔ݌ ቆെ ? ௦݄ܽఊ ቇቋǡ݄௦ ൐  ? - 
ߛכሺ݄௦ሻ ൌ ቐ ?ǡ݄௦ ൌ  ?ܾఊ ൅ ܿఊ ቊ ? െ ݁ݔ݌ ቆെ ? ௦݄ଶܽఊଶ ቇቋǡ݄௦ ൐  ? - 
ZKHUH WKH FRHIILFLHQWV LQ WKUHH IXQFWLRQV ܽఊ  ܾఊ  DQG ܿఊ  UHSUHVHQW WKH µUDQJH¶
µQXJJHW¶ DQG µSDUWLDO VLOO¶ UHVSHFWLYHO\ ZKLFK DUH WKH PDMRU FKDUDFWHULVWLFV RI D
VHPL-YDULRJUDP7KHVHPL-YDULRJUDPVPRGHOOHGE\GLIIHUHQWPDWKHPDWLFDOIXQFWLRQV
ZLWK ܽఊ ൌ  ?Ǥ ? ܾఊ ൌ  ?Ǥ ? DQG ܿఊ ൌ  ?Ǥ ? DUH VKRZQ LQ )LJ - 7KH µQXJJHW¶ LV DQ
HVWLPDWH RI WKH XQFRUUHODWHG QRLVH LQ VSDFH UHSUHVHQWLQJ WKH VSDWLDO YDULDELOLW\
EHWZHHQWZRORFDWLRQVWKDWDUHYHU\FORVH7KLVLVPDLQO\FDXVHGE\WKHPHDVXUHPHQW
HUURU RUDQG WKH VSDWLDO YDULDELOLW\ DW GLVWDQFHV VPDOOHU WKDQ WKH VDPSOLQJ GLVWDQFH
>@ )RU D VSKHULFDO PRGHO WKH VHPL-YDULDQFH LQFUHDVHV ZLWK GLVWDQFH DQG MXVW
UHDFKHV WKH PD[LPXP YDOXH ൫ܾఊ ൅ ܿఊ൯ DW WKH µUDQJH¶ 7KH PD[LPXP YDOXH RI
VHPL-YDULDQFHLVNQRZQDVWKHµVLOO¶7KHFDOFXODWHGVHPL-YDULDQFHEHWZHHQYDULDEOHV
VHSDUDWHGE\DGLVWDQFHLQH[FHVVRIWKHµUDQJH¶LVHTXDOWRµVLOO¶LPSO\LQJWKDWWKH\
KDYH QR LPSDFW RQ HDFK RWKHU )RU WKH H[SRQHQWLDO DQG *DXVVLDQ PRGHOV WKH
VHPL-YDULDQFH JUDGXDOO\ DSSURDFKHV WKH µVLOO¶ ZLWK WKH LQFUHDVH LQ GLVWDQFH DQG
UHDFKHV  ?Ǥ ? ?൫ܾఊ ൅ ܿఊ൯ DWWKHµUDQJH¶>@ 
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)LJ - 7KH VHPL-YDULRJUDP GHWHUPLQHG E\ WKH VSKHULFDO H[SRQHQWLDO DQG *DXVVLDQ PRGHOV ZLWK
UDQJH ܽߛ ൌ  ?Ǥ ?QXJJHW ܾߛ ൌ  ?Ǥ ? DQGSDUWLDOVLOO ܿߛ ൌ  ?Ǥ ? 
7KHW\SHRIIXQFWLRQIRUWKHVHPL-YDULRJUDPILWWLQJFDQEHGHWHUPLQHGEDVHGRQWKH
HPSLULFDOVHPL-YDULDQFHVFRPSXWHGIURPKLVWRULFZHDWKHUGDWD$VSKHULFDOPRGHOLV
XVXDOO\VHOHFWHGLIHPSLULFDOVHPL-YDULDQFHVKDYHFOHDUUDQJHDQGVLOO$QH[SRQHQWLDO
PRGHO LV SUHIHUUHGZKHQHPSLULFDO VHPL-YDULDQFHV FOHDUO\ VKRZ WKHQXJJHW DQG VLOO
DQG DV\PSWRWLFDOO\ DSSURDFKHV WKH VLOO ,I HPSLULFDO VHPL-YDULDQFHV YDU\ VPRRWKO\
DQG KDYH D SDUDEROLF EHKDYLRXU DW WKH RULJLQ D *DXVVLDQ PRGHO LV XVXDOO\ DGRSWHG
>@7KH ܰሺ݈݋ܿሻ  ?ሺܰሺ݈݋ܿሻ െ  ?ሻ  ? ?  HPSLULFDOVHPL-YDULDQFHSRLQWVFDOFXODWHG
IURP ܰሺ݈݋ܿሻ VDPSOHG ORFDWLRQV DUH OLNHO\ WR VKRZ DQ XQFOHDU LQFUHDVLQJ SDWWHUQ
ZKLFK PDNHV LW GLIILFXOW WR VHOHFW DQ DSSURSULDWH PDWKHPDWLFDO PRGHO WR ILW WKH
VHPL-YDULRJUDPDQGZLOODOVRLQFUHDVHFRPSXWDWLRQWLPH>@$IHDVLEOHVROXWLRQLV
WR FDWHJRULVH WKH FDOFXODWHG HPSLULFDO VHPL-YDULDQFHV LQWR D QXPEHU RI LVRWRQLF
GLVWDQFH ODJ ELQV >@ 7KH DYHUDJHV RI HPSLULFDO VHPL-YDULDQFHV DQG WKHLU
DFFRPSDQ\LQJGLVWDQFH ODJV DW HDFKELQ DUH WKHQXVHG WRGHWHUPLQH WKH W\SHRI WKH
PDWKHPDWLFDOPRGHOZLWKFRHIILFLHQWVEHLQJHVWLPDWHGIURPWKHDYHUDJHVE\WKHOHDVW
VTXDUHV ILWWLQJ >@ 7KHQ WKH HOHPHQWV RI FRYDULDQFH ܥ݋ݒሺ݄௦ሻ LQ ࡷ DQG ࢑ FDQ
EHHVWLPDWHGYLDWKHHTXDWLRQ ܥ݋ݒሺ݄௦ሻ ൌ ݈݈ܵ݅ െ ߛכሺ݄௦ሻ -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,W VKRXOGEHQRWHG WKDW WKHVHPL-YDULDQFH ߛכሺ ?ሻ DWGLVWDQFH ODJ ݄௦ ൌ  ? LVHTXDO WR
]HURUDWKHUWKDQWKHQXJJHW ܾఊ ZKHQFDOFXODWLQJWKHFRYDULDQFH ܥ݋ݒሺ ?ሻ LQ ࡷ DQG࢑ :KHQ D VSKHULFDO PRGHO LV XVHG WKH QRQ-GLDJRQDO HOHPHQWV LQ PDWUL[ ࡷ DQG
HOHPHQWVLQYHFWRU ࢑ FDQEHUHSUHVHQWHGDV 
ܥ݋ݒሺ݄௦ሻ ൌ ൫ܾఊ ൅ ܿఊ൯ െ ቐܾఊ ൅ ܿఊ ൝ ? ௦݄ ? ఊܽ െ  ? ?ቆ݄௦ܽఊቇଷൡቑ ൌ ܿఊ ൝ ? െ ? ௦݄ ? ఊܽ ൅  ? ?ቆ݄௦ܽఊቇଷൡ ǡ  ? ൏ ௦݄ ൏ ܽఊ - 
,I ߛכሺ ?ሻ ൌ ܾఊ DOO WKH GLDJRQDO HOHPHQWV RI PDWUL[ ࡷ DUH HTXDO WR ൫ܾఊ ൅ ܿఊ൯ െܾఊ ൌ ܿఊ7KHQDOOWKHHOHPHQWVLQ ࡷ DQG ࢑ KDYHDFRPPRQFRHIILFLHQWHTXDOWRWKH
SDUWLDO VLOO ܿఊ 7KXV WKH YDOXHV RI ܾఊ DQG ܿఊ ZLOO QRW DIIHFW WKH GHWHUPLQDWLRQ RI
NULJLQJ ZHLJKWV ,I ߛכሺ ?ሻ ൌ  ? WKH GLDJRQDO HOHPHQWV RI PDWUL[ ࡷ DUH DOO HTXDO WR൫ܾఊ ൅ ܿఊ൯7KHNULJLQJZHLJKWVDUHWKHQGHSHQGHQWRQWKHUDWLREHWZHHQ ܾఊ DQG ܿఊ
LQ DGGLWLRQ WR WKH W\SH RI WKH PDWKHPDWLFDO IXQFWLRQ VHOHFWHG WR PRGHO WKH
VHPL-YDULRJUDP>@7KHNULJLQJPRGHOZLWKDODUJH ܾఊ ZLOODVVLJQVLPLODUNULJLQJ
ZHLJKWV WR VDPSOHG ORFDWLRQV ODUJHO\ VPRRWKLQJ WKH LQWHUSRODWLRQ VXUIDFH >@
:KHQWKHQXJJHWLVHTXDOWRWKHVLOOLHDQXJJHWPRGHOZLWK ܿఊ ൌ  ? >@VDPSOHG
ORFDWLRQVZLOOKDYHWKHVDPHZHLJKWV 
,WFDQEHIRXQGWKDWEHVLGHVWKHGLVWDQFHVIURPWKHWDUJHWORFDWLRQNULJLQJZHLJKWVDUH
GHSHQGHQW RQ WKH VSDWLDO FRUUHODWLRQV QRW RQO\ EHWZHHQ WKH VDPSOHG DQG WDUJHW
ORFDWLRQVEXWDOVREHWZHHQVDPSOHGORFDWLRQVWKHPVHOYHV,QDQLVRWURSLFUHJLRQLH
RQH WKDW KDV WKH VDPH FKDUDFWHULVWLFV LQ DOO GLUHFWLRQV WKH VXP RI NULJLQJ ZHLJKWV
DVVLJQHGWRWKHVDPSOHGORFDWLRQVZLWKLQDFOXVWHULVJHQHUDOO\VLPLODUWRWKHZHLJKW
DVVLJQHGWRDQLVRODWHGVDPSOHGORFDWLRQLIWKH\KDYHVLPLODUGLVWDQFHVIURPWKHWDUJHW
ORFDWLRQ)LJ-SURYLGHVDQH[DPSOHZKHUHDQLVRODWHGVDPSOHGORFDWLRQ ݈݋ܿଷ DQG
DFOXVWHUFRQVLVWLQJRIWZRVDPSOHGORFDWLRQV ݈݋ܿଵ DQG ݈݋ܿଶ DUHORFDWHGRQRQHVLGH
RIDWDUJHWORFDWLRQ ݈݋ܿ௢ LQDOLQHZLWKVLPLODUGLVWDQFHVIURPWKHWDUJHWORFDWLRQ7KH
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,':ZHLJKWVDQG WKHNULJLQJZHLJKWVFDOFXODWHGEDVHGRQDQH[SRQHQWLDOPRGHORIܽఊ ൌ  ? ?ǡ ܾఊ ൌ  ?Ǥ ?ǡ ఊܿ ൌ  ?Ǥ ? DUHOLVWHGLQ7DEOH- 
 
)LJ-$QH[DPSOHVKRZLQJNULJLQJ¶VFRPSHQVDWLRQIRUFOXVWHUHIIHFWV 
7DEOH-,':ZHLJKWVDQGNULJLQJZHLJKWVDVVLJQHGWRDQLVRODWHG ݈݋ܿଷ DQGDFOXVWHUFRQVLVWLQJRI݈݋ܿଵ DQG ݈݋ܿଶ 
 ݈݋ܿଵ ݈݋ܿଶ ݈݋ܿଷ 
,':    
.ULJLQJ    
7KH VXP RI ,': ZHLJKWV DVVLJQHG WR ݈݋ܿଵ DQG ݈݋ܿଶ  ZLWKLQ WKH FOXVWHU HTXDOV ?Ǥ ? ? ? ? WKDW LV WZLFH DVKLJKDV WKH ,':ZHLJKW DVVLJQHG WR ݈݋ܿଷ7KHHVWLPDWH DW݈݋ܿ௢  LV WKHUHIRUH ODUJHO\ GHSHQGHQW RQ WKH FOXVWHU WKRXJK WKH LVRODWHG VDPSOHG
ORFDWLRQ DQG WKH FHQWUH RI WKH FOXVWHU DUH ERWK  ?Ǥ ? IURP WKH WDUJHW ORFDWLRQ ,Q WKH
NULJLQJ SURFHVV ZKLFK WDNHV LQWR DFFRXQW WKH VLJQLILFDQW FRUUHODWLRQ EHWZHHQ ݈݋ܿଵ
DQG ݈݋ܿଶ ZLWKLQ WKH FOXVWHU WKH ZHLJKWV DVVLJQHG WR ݈݋ܿଵ DQG ݈݋ܿଶ DUH UHGXFHG
DORQJZLWKDJURZWKLQWKHZHLJKWDW ݈݋ܿଷ7KHWRWDONULJLQJZHLJKWRIWKHFOXVWHULH
WKHVXPRIIRU ݈݋ܿଵ DQGIRU ݈݋ܿଶHTXDOVZKLFKLVVLPLODUWR
WKH NULJLQJ ZHLJKW DVVLJQHG WR WKH LVRODWHG VDPSOHG ORFDWLRQ ݈݋ܿଷ LH 
7KHUHIRUHFRPSDUHGWRWKH,':PHWKRGJLYLQJDVLJQLILFDQWZHLJKWWRFOXVWHUVWKH
HIIHFWRIFOXVWHUVFDQEHPLWLJDWHGE\WKHNULJLQJSURFHVV 
4.2.2.2. &RUUHFWLRQIRUQHJDWLYHZHLJKWV>@ 
1HJDWLYH ZHLJKWV PD\ EH SURGXFHG LQ D NULJLQJ SURFHVV 7KH HVWLPDWH DW D WDUJHW
ORFDWLRQPD\EHQHJDWLYHDQGQRQSK\VLFDOZKHQQHJDWLYHZHLJKWVDUHDVVLJQHGWRWKH
VDPSOHG ORFDWLRQV WKDW KDYH KLJK VDPSOHG YDOXHV OLNH H[WUHPH ZLQG VSHHGV
7KHUHIRUHQHJDWLYHNULJLQJZHLJKWVKDYHWREHFRUUHFWHG$QDOJRULWKPGHYHORSHGE\
'HXWVFK>@ LVXVHGKHUH WRFRUUHFWQHJDWLYHZHLJKWV WKURXJKVHWWLQJ WKHQHJDWLYH
ZHLJKWVDQGUHOHYDQWSRVLWLYHZHLJKWVWR]HURDQGQRUPDOLVLQJWKHUHPDLQLQJSRVLWLYH
ZHLJKWVDVGHVFULEHGEHORZ 
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*LYHQDYHUDJHPDJQLWXGHRIQHJDWLYHZHLJKWVHTXDOWR หߣA?௄ோூǡ௡௘௚ห DQGWKHDYHUDJHRI
WKHFRYDULDQFHVEHWZHHQWKHWDUJHWORFDWLRQDQGWKHVDPSOHGORFDWLRQVZLWKQHJDWLYH
ZHLJKWV HTXDO WR ܥ݋ݒതതതതത௡௘௚ WKH LQLWLDO NULJLQJ ZHLJKWV ߣ௄ோூǡ௜ǡ ݅ ൌ  ?ǡ ǥ ǡ ሺ݈ܰ݋ܿሻ DUH
FRUUHFWHGEDVHGRQWKHIROORZLQJVWHSV 
1) ߣ௄ோூǡ௜ᇱ ൌ ߣ௄ோூǡ௜ 
2) ,I ߣ௄ோூǡ௜ ൏  ?WKHQ ߣ௄ோூǡ௜ᇱ ൌ  ? 
3) ,I ߣ௄ோூǡ௜ ൐  ? DQG ߣ௄ோூǡ௜ ൏ หߣA?௄ோூǡ௡௘௚ห DQG ܥ݋ݒ௜ ൏ ܥ݋ݒതതതതത௡௘௚  ZKHUH ܥ݋ݒ௜  LV WKH
FRYDULDQFHEHWZHHQWKHWDUJHWORFDWLRQ ݈݋ܿ௢ DQGWKHVDPSOHGORFDWLRQ ݈݋ܿ௜WKHQߣ௄ோூǡ௜ᇱ ൌ  ? 
4) ߣ௄ோூǡ௜ᇱ  DUHQRUPDOLVHGWRVXPWRRQH ߣ௄ோூǡ௜ǡ௡௘௪ ൌ ߣ௄ோூǡ௜ᇱ ? ߣ௄ோூǡ௜ᇱேሺ௟௢௖ሻ௜ୀଵ  - 
,QWKLVPDQQHUWKHFRUUHFWHGZHLJKWV ߣ௄ோூǡ௜ǡ௡௘௪ DUHQRQ-QHJDWLYHDQGXQELDVHG 
4.2.2.3. 6SDWLDOGH-WUHQGLQJ 
:HDWKHUFRQGLWLRQVDUHLQIOXHQFHGE\ORFDOJHRJUDSKLFSDUDPHWHUV)RUH[DPSOHDLU
WHPSHUDWXUH JHQHUDOO\ GHFUHDVHV ZLWK WKH HOHYDWLRQ DERYH VHD OHYHO 6SDWLDO
GH-WUHQGLQJ LV XVHG WR UHPRYH WKH WUHQG VXUIDFHV RU VSDWLDO WUHQGV WKDW DUH ILWWHG WR
ZHDWKHU GDWD LQ WHUPV RI WKH DVVRFLDWHG JHRJUDSKLF YDULDEOHV 7KH PRGHOOHG WUHQG
VXUIDFHVDUHDGGHGEDFNLQWKHLQWHUSRODWLRQVDWWKHHQGRIWKH,':RUNULJLQJSURFHVV
,QWKLVPDQQHUWKHHIIHFWVRIWKHVHJHRJUDSKLFYDULDEOHVRQERWKVSDWLDOFRUUHODWLRQV
DQGLQWHUSRODWLRQVRIZHDWKHUSDUDPHWHUVFDQEHPLWLJDWHG>@7KHHOHYDWLRQDERYH
VHD OHYHO LV D PDMRU IDFWRU LQIOXHQFLQJ DLU WHPSHUDWXUH DQG ZLQG VSHHG 7\SLFDOO\
PHDVXUHPHQWV RI DLU WHPSHUDWXUH DQG ZLQG VSHHG DW ZHDWKHU VWDWLRQV DUH ILUVW
FRQYHUWHGWRDFRPPRQUHIHUHQFHOHYHODWZKLFKWKH,':DQGNULJLQJLQWHUSRODWLRQV
DV ZHOO DV WKH VXEWUDFWLRQ DQG DGGLWLRQ RI WUHQG VXUIDFHV DUH FDUULHG RXW 7KH
LQWHUSRODWLRQUHVXOWVDWWKHUHIHUHQFHOHYHODUHWKHQFRQYHUWHGEDFNWRWKHHOHYDWLRQRI
WKHWDUJHWORFDWLRQ>@ 
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7KHDLU WHPSHUDWXUHJHQHUDOO\GHFUHDVHVZLWKWKHHOHYDWLRQDERYHVHDOHYHODWDUDWH
QDPHGDV WKH ODSVHUDWH$ W\SLFDOYDOXHRI െ ?Ǥ ?Ԩ ݇݉ ?  >@LVXVHGKHUH WR
FRQYHUWDLUWHPSHUDWXUHVDWWKHHOHYDWLRQVRIZHDWKHUVWDWLRQVWRWKDWDWVHDOHYHO$Q
DOWHUQDWLYHDSSURDFKFRXOGEH WRH[WUDFW WKHGHFUHDVLQJ UDWHRIDLU WHPSHUDWXUHZLWK
HOHYDWLRQIURPKLVWRULFWLPHVHULHVRIDLUWHPSHUDWXUHUHFRUGHGDWZHDWKHUVWDWLRQVE\
WKH OLQHDU ILWWLQJ )RU ZLQG VSHHG WKH DQHPRPHWHUV¶ KHLJKWV ݈ݒ݈௔௡௘ DERYH JURXQG
OHYHO DQG WKH JURXQG URXJKQHVV OHQJWKV ݎ݈௢ DUH DGGLWLRQDOO\ UHTXLUHG WR FRQYHUW
ZLQGVSHHGV ݓ௦ǡ௔௩௘ IURP WKHDQHPRPHWHUV¶KHLJKWV ݈ݒ݈௔௡௘ WRDFRPPRQ UHIHUHQFH
OHYHO ݈ݒ݈௥௘௙ HJPDERYHVHDOHYHOEDVHGRQDORJ-ODZZLQGSURILOH>@ 
ݓ௦ǡ௥௘௙ ൌ ݓ௦ǡ௔௡௘ ൫݈ݒ݈௥௘௙ ݎ݈௢ ? ൯ሺ݈ݒ݈௔௡௘ ݎ݈௢ ? ሻ - 
,QRUGHU WRPLQLPLVH WKH VSDWLDO YDULDWLRQ IXUWKHU WKH WUHQG VXUIDFHRIZLQG VSHHGVݓ௦ǡ௥௘௙ DW WKH UHIHUHQFH OHYHO RI P DERYH VHD OHYHO LV PRGHOOHG LQ WHUPV RI
GLVWDQFH WR RFHDQ '72 DV VKRZQ LQ )LJ - 7KH ZHDWKHU VWDWLRQV FORVHU WR WKH
FRDVWDUHJHQHUDOO\NQRZQWRKDYHKLJKHUZLQGVSHHGDYHUDJHVLQWKLVFDVHZKLFKLV
DOVRGLVFRYHUHGE\1DZUL>@DQG;XH>@ 
 
)LJ-0RGHOOLQJRIWUHQGVXUIDFHVRIZLQGVSHHGVDWWKHUHIHUHQFHOHYHORIPDERYHVHDOHYHOLQ
WHUPV RI GLVWDQFH WR RFHDQ '72 EDVHG RQ ZLQG VSHHG REVHUYDWLRQV RYHU  GD\V IURP  RQ
WRRQ 
0 2 4 6 8 10 12
0
2
4
6
8
Distance to Ocean (km)
W
in
d 
Sp
ee
d 
(m
/s
)
 
 
Data
Trend surface
126 
 
4.2.2.4. 7HPSRUDOGH-WUHQGLQJ 
$V ZDV QRWHG LQ 6HFWLRQ  GDWD DSSOLHG WR VWDWLVWLFDO PRGHOV DUH JHQHUDOO\
UHTXLUHGWRVDWLVI\DZHDNRUVHFRQGRUGHUVWDWLRQDULW\6SDWLDO FRUUHODWLRQVEHWZHHQ
ZHDWKHUYDULDEOHVPD\EHPLVOHGE\WKHLQKHUHQW WUHQGVRIQRQ-VWDWLRQDU\GDWD7KH
VSDWLDO GH-WUHQGLQJ PHWKRG KDV EHHQ XVHG WR UHPRYH WKH WUHQG VXUIDFHV RI ZHDWKHU
YDULDEOHV LQ WHUPV RI WKH DVVRFLDWHG JHRJUDSKLF YDULDEOHV 7KH WHPSRUDO WUHQGV RI
ZHDWKHU YDULDEOHV DW WKH UHIHUHQFH OHYHO VKRXOG EH DGGLWLRQDOO\ UHPRYHG XVLQJ WKH
)RXULHUVHULHVEDVHGWHPSRUDOGH-WUHQGLQJPHWKRGDVGHVFULEHGLQ6HFWLRQ 
)LJ-FRPSDUHVWKHHPSLULFDOVHPL-YDULDQFHV݉ଶ ݏଶ ? ZKLFKDUHFDOFXODWHGIURP
DWKHZLQGVSHHGUHVLGXDOVDIWHUWHPSRUDOGH-WUHQGLQJ7'DQGVSDWLDOGH-WUHQGLQJ
6'EWKHZLQGVSHHGUHVLGXDOVDIWHU6'RQO\DQGFRULJLQDOZLQGVSHHGVDWWKH
UHIHUHQFH OHYHO RI P DERYH VHD OHYHO 7KH HPSLULFDO VHPL-YDULDQFHV FDOFXODWHG
IURPRULJLQDOZLQGVSHHGVDW WKH UHIHUHQFH OHYHODUH VKRZQ WREHKLJKHU WKDQ WKRVH
WKDW DUH HVWLPDWHG IURP WKH UHVLGXDOV ZLWKRXW VSDWLDO WUHQGV LQ WHUPV RI '72 ,Q
DGGLWLRQWKHLQGLVWLQFWSDWWHUQRIJURZWKLQVHPL-YDULDQFHZLWKGLVWDQFHODJPDNHVLW
GLIILFXOWWRVHOHFWDQDSSURSULDWHPDWKHPDWLFDOIXQFWLRQWRPRGHOWKHVHPL-YDULRJUDP
0RUHRYHU WKH VHPL-YDULRJUDP PRGHOOHG IURP RULJLQDO ZLQG VSHHGV PD\ QRW
DFFXUDWHO\LQGLFDWHVSDWLDOFRUUHODWLRQVDPRQJZLQGVSHHGVDWWKHUHIHUHQFHOHYHOGXH
WR WKH LQWHUIHUHQFH RI WUHQG VXUIDFHV LQ WHUPV RI '72 :KHQ 7' DQG 6' DUH ERWK
DSSOLHG WR WKH RULJLQDO GDWD DW WKH UHIHUHQFH OHYHO WKH HPSLULFDO VHPL-YDULDQFHV
FDOFXODWHG IURP WKH GH-WUHQGHG GDWD DUH VPDOOHU WKDQ WKDW IRU RULJLQDO GDWD DQG DUH
FOHDUO\ VKRZQ WR DV\PSWRWLFDOO\ DSSURDFK WKH PD[LPXP YDOXH LH WKH VLOO
LOOXVWUDWLQJWKHLPSRUWDQFHRIGHWUHQGLQJ 
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)LJ - (PSLULFDO VHPL-YDULDQFHV FDOFXODWHG IURP D UHVLGXDOV RI ZLQG VSHHG DIWHU WHPSRUDO
GH-WUHQGLQJ7'DQGVSDWLDOGH-WUHQGLQJ6'EZLQGVSHHGUHVLGXDOVDIWHU6'RQO\DQGFRULJLQDO
ZLQGVSHHGVDWWKHUHIHUHQFHOHYHORIPDERYHVHDOHYHORYHUGD\VIURPRQWR
RQ 
4.3. 5HVXOWVRI5DQN&RUUHODWLRQEDVHG3DLULQJ 
3DLUVRIZHDWKHUYDULDEOHVLQFOXGLQJGLIIHUHQWSDUDPHWHUVDWDSDUWLFXODUORFDWLRQDQG
WKHVDPHSDUDPHWHUVDWGLIIHUHQWORFDWLRQVDUHFRUUHODWHG,QWKH0RQWH&DUORSURFHVV ? ?ସ ZHDWKHUVDPSOHVDUHUDQGRPO\DQGLQGHSHQGHQWO\JHQHUDWHGIURPWKHPRGHOOHG
SUHGLFWLYHGLVWULEXWLRQVRIWKHPHDVXUHGZHDWKHUYDULDEOHVLQFOXGLQJDLUWHPSHUDWXUH
 ௔ܶZLQGVSHHGݓ௦DQGZLQGGLUHFWLRQݓௗ7KHVHUDQGRPZHDWKHUVDPSOHVDWD
SDUWLFXODUIXWXUHWLPHDUHSDLUHGEDVHGRQWKHUDQNFRUUHODWLRQVFDOFXODWHGIURPUHFHQW
ZHDWKHU REVHUYDWLRQV WDNHQ WR EH ZLWKLQ  GD\V )LJ - VKRZV WKDW WKH SDLUHG
UDQGRP ZHDWKHU VDPSOHV DW D VLQJOH VWDWLRQ KDYH VLPLODU UDQN FRUUHODWLRQV WR WKRVH
EHWZHHQ WKHLU UHFHQWREVHUYDWLRQV HVSHFLDOO\ WKHSDLUHG VDPSOHVRI DLU WHPSHUDWXUH
DQG ZLQG VSHHG 7KH PDJQLWXGHV RI FRUUHODWLRQV EHWZHHQ WKH XQSDLUHG ZHDWKHU
VDPSOHV DUH VPDOOHU WKDQ  ?Ǥ ? ? ZKLFK FRQILUPV WKDW WKH\ DUH LQGHSHQGHQW RI HDFK
RWKHU 
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)LJ-5DQNFRUUHODWLRQVEHWZHHQSDLUHGXQSDLUHGUDQGRP VDPSOHVRIZHDWKHUYDULDEOHVDQGWKHLU
UHFHQWREVHUYDWLRQVZLWKLQGD\VDWWKHVDPHZHDWKHUVWDWLRQVDQG 
7KHSDLUHG UDQGRPVDPSOHVRIDLU WHPSHUDWXUHDQGZLQGVSHHGDWGLIIHUHQW VWDWLRQV
KDYLQJ UDQN FRUUHODWLRQV TXLWH FORVH WR WKRVH EHWZHHQ WKHLU UHFHQW REVHUYDWLRQV DUH
VKRZQLQ)LJ-7KHVDPHZHDWKHUSDUDPHWHUVEHWZHHQGLIIHUHQWZHDWKHUVWDWLRQV
JHQHUDOO\ KDYH SRVLWLYH UDQN FRUUHODWLRQV ZKLFK DUH UHODWLYHO\ KLJKHU WKDQ WKRVH
EHWZHHQGLIIHUHQWZHDWKHUSDUDPHWHUV'XHWRWKHSDLUHGVDPSOHVRIDLUWHPSHUDWXUH
EHWZHHQGLIIHUHQWZHDWKHU VWDWLRQVKDYLQJVLJQLILFDQWSRVLWLYH UDQNFRUUHODWLRQV WKH
SDLUHG ZLQG VSHHG VDPSOHV DW D SDUWLFXODU VWDWLRQ DUH VKRZQ WR KDYH VLPLODU UDQN
FRUUHODWLRQVZLWKDLUWHPSHUDWXUHVDPSOHVDWGLIIHUHQWVWDWLRQV:KHQFDOFXODWLQJWKH
UDWLQJ IRU DQ HQWLUH 2+/ UDQGRP VDPSOHV RI DLU WHPSHUDWXUH DQG ZLQG VSHHG DW
GLIIHUHQW VWDWLRQV DUH RQO\ SDLUHG 7KLV LV EHFDXVH WKH UDQN FRUUHODWLRQ PDWUL[ ܥோ
FRPSXWHG IURP UHFHQW REVHUYDWLRQV PD\ QRW EH SRVLWLYH GHILQLWH ZKHQ DGGLWLRQDOO\
FRQVLGHULQJ ZLQG GLUHFWLRQ VDPSOHV ZKLFK PHDQV WKDW WKH &KROHVN\ IDFWRUL]DWLRQ
FRXOGQRWEHLPSOHPHQWHG 
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)LJ-5DQNFRUUHODWLRQVRISDLUHGXQSDLUHGUDQGRPVDPSOHVRIDLUWHPSHUDWXUHDQGZLQGVSHHGDQG
WKHLUUHFHQWREVHUYDWLRQVEHWZHHQVWDWLRQVDQGZLWKLQGD\V 
7KHSDLUHGFRUUHODWHGZHDWKHUVDPSOHVDWDSDUWLFXODUVWDWLRQFDQEHGLUHFWO\XVHGWR
FDOFXODWHSUREDELOLVWLFIRUHFDVWVRIVWHDG\-VWDWH'/5VIRUWKHVSDQLQFORVHSUR[LPLW\
WRWKHVWDWLRQ7RHVWLPDWHSUREDELOLVWLF'/5IRUHFDVWVIRUDQHQWLUH2+/WKHSDLUHG
VDPSOHV RI DLU WHPSHUDWXUH DQG ZLQG VSHHG XQSDLUHG LQGHSHQGHQW ZLQG GLUHFWLRQ
VDPSOHV DQGSRLQW IRUHFDVWVRI VRODU UDGLDWLRQ DWGLIIHUHQWZHDWKHU VWDWLRQV DUH ILUVW
XVHG WR LQIHUSRVVLEOHZHDWKHUSUHGLFWLRQVIRUDOOVSDQVZLWKLQ WKH2+/E\VXLWDEOH
VSDWLDOLQWHUSRODWLRQPHWKRGVZKLFKZLOOEHGHWHUPLQHGLQ6HFWLRQ 
4.4. 5HVXOWVRI6SDWLDO,QWHUSRODWLRQ 
$VZDVQRWHGLQ6HFWLRQWKHLQYHUVHGLVWDQFHZHLJKWLQJ,':PHWKRGDVVLJQV
ZHLJKWVWRVDPSOHGORFDWLRQVFRQVLGHULQJWKHLUGLVWDQFHVIURPWKHWDUJHWORFDWLRQRQO\
,Q DGGLWLRQ WR WKH GLVWDQFHV WKH NULJLQJ ZHLJKWV DUH ODUJHO\ LQIOXHQFHG E\ VSDWLDO
UHODWLRQVKLSV EHWZHHQ GLIIHUHQW ORFDWLRQV ZKLFK DUH PRGHOOHG IURP KLVWRULF WLPH
VHULHV RI WKH PHDVXUHG ZHDWKHU YDULDEOHV ZLWKLQ D VOLGLQJ WUDLQLQJ ZLQGRZ 7KH
WUDLQLQJZLQGRZOHQJWKXVHGIRUVSDWLDOLQWHUSRODWLRQLVWKHVDPHDVWKDWVHOHFWHGIRU
SUREDELOLVWLF IRUHFDVWLQJ IRU HDFK ZHDWKHU YDULDEOH ,Q WKH NULJLQJ SURFHVV WKH
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VHPL-YDULRJUDPPRGHOXVHG WRGHWHUPLQHFRYDULDQFHVEHWZHHQ ORFDWLRQV LV ILWWHG WR
WKH HPSLULFDO VHPL-YDULDQFHV WKDW DUH FRPSXWHG IURP WKH GH-WUHQGHG GDWD DIWHU
UHPRYLQJ WHPSRUDO WUHQGV DQG WUHQG VXUIDFHV RU VSDWLDO WUHQGV RI ZHDWKHU GDWD LQ
WHUPVRIWKHDVVRFLDWHGJHRJUDSKLFDOYDULDEOHVDWDSUHGHILQHGUHIHUHQFHOHYHO 
7KH SHUIRUPDQFHV RI GLIIHUHQW VSDWLDO LQWHUSRODWLRQ PHWKRGV DUH DVVHVVHG E\
FDOFXODWLQJWKHLUURRWPHDQVTXDUHHUURUV506(V>@ZKHQWDNLQJHDFKZHDWKHU
VWDWLRQ DV WKH WDUJHW ORFDWLRQ LQ D FURVV-YDOLGDWLRQ SURFHGXUH 6LQFH WKH FDSWXUHG
VSDWLDO FRUUHODWLRQV EHWZHHQ ORFDWLRQV DGGLWLRQDOO\ DIIHFW WKH NULJLQJ ZHLJKWV WKH
VHPL-YDULRJUDPPRGHOIRUHDFKZHDWKHUYDULDEOHLVILUVWH[DPLQHGDVVKRZQLQ)LJ
- ZKHUH ZHDWKHU VWDWLRQ  LV UHJDUGHG DV WKH WDUJHW ORFDWLRQ 'XH WR WKH FLUFXODU
SURSHUWLHVRIZLQGGLUHFWLRQPHDVXUHPHQWVRIZLQGGLUHFWLRQVDUHGHFRPSRVHGLQWR
WKHHDVWHUO\DQGQRUWKHUO\FRPSRQHQWVDQGWKHVHPL-YDULRJUDPLVWKHQILWWHGIRUHDFK
FRPSRQHQWVHSDUDWHO\ 
 
)LJ-7KH VHPL-YDULRJUDPILWWHG WRHPSLULFDO VHPL-YDULDQFHVFDOFXODWHG IURP WKHGH-WUHQGHGGDWD
ZLWKLQWKHWUDLQLQJZLQGRZIURPRQWRRQIRUDLUWHPSHUDWXUHDW
VHDOHYHOZLQGVSHHGDWPDERYHVHDOHYHOHDVWHUO\DQGQRUWKHUO\FRPSRQHQWVRIZLQGGLUHFWLRQ
DQGVRODUUDGLDWLRQZKHQZHDWKHUVWDWLRQLVUHJDUGHGDVWKHWDUJHWORFDWLRQ 
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7KHVSDWLDOUHODWLRQVKLSVRIDLUWHPSHUDWXUHUHIHUHQFHGWRVHDOHYHODQGVRODUUDGLDWLRQ
LQWKHUHVHDUFKDUHDDUHVXFFHVVIXOO\UHSUHVHQWHGE\*DXVVLDQDQGH[SRQHQWLDOPRGHOV
UHVSHFWLYHO\ $ UHODWLYHO\ ODUJH GHYLDWLRQ EHWZHHQ WKH VHPL-YDULDQFH ILWWHG E\ DQ
H[SRQHQWLDOPRGHODQGWKHHPSLULFDOYDOXHLVREVHUYHGDWDURXQG  ? ?݇ ݉ GLVWDQFHODJ
IRU ZLQG VSHHG DW P DERYH VHD OHYHO $6/ PHDQLQJ WKDW WKH DFWXDO VSDWLDO
FRUUHODWLRQVEHWZHHQZLQGVSHHGVWKDWDUHDSSUR[LPDWHO\  ? ?݇ ݉ DSDUWDWP$6/
PD\ EH ORZHU WKDQ WKH PRGHOOHG FRUUHODWLRQV 7KH VHPL-YDULDQFHV ILWWHG IRU WKH
QRUWKHUO\ DQG HDVWHUO\ FRPSRQHQWV RI ZLQG GLUHFWLRQV UHDFK WKHLU UHVSHFWLYH
PD[LPXP YDOXHV RU VLOOV DW D YHU\ VKRUW GLVWDQFH ODJ DURXQG  ? ?݇ ݉ 7KH ,':
LQWHUSRODWLRQPHWKRGLVWKHUHIRUHDSSOLHGWRHDFKFRPSRQHQWRIZLQGGLUHFWLRQ 
3UHYLRXVZRUN>@XQGHUWDNHQE\'XUKDP8QLYHUVLW\XVHGWKH,':PHWKRGIRUHDFK
ZHDWKHU YDULDEOH $ ZLQG SURILOH SRZHU ODZ ZLWK D UHIHUHQFH OHYHO RI P DERYH
JURXQGOHYHO$*/ZDVDGGLWLRQDOO\XVHGIRUZLQGVSHHGLQWHUSRODWLRQ>@,QWKLV
VHFWLRQ D QXPEHU RI VSDWLDO LQWHUSRODWLRQ PRGHOV DUH GHYHORSHG WKURXJK GLIIHUHQW
FRPELQDWLRQV RI WKH LQWHUSRODWLRQ PHWKRGV LH ,': RU NULJLQJ .5, DQG VSDWLDO
GH-WUHQGLQJDVOLVWHGLQ7DEOH-,WLVQRWHGWKDWWKHVOLGLQJWUDLQLQJZLQGRZVIRUWKH
PRGHOOLQJRIVSDWLRWHPSRUDO WUHQGVDQG WKHGHWHUPLQDWLRQRINULJLQJZHLJKWVDUHRI
WKH VDPH OHQJWKV DV WKRVH WKDW DUH VHOHFWHG IRUZHDWKHU IRUHFDVWLQJPRGHOV DQG DUH
XSGDWHG DW HDFK -PLQXWHV WLPH VWHS 7KH LPSURYHPHQWV LQ 506(V IRU VSDWLDO
LQWHUSRODWLRQ RI HDFK ZHDWKHU YDULDEOH RYHU WKH 'XUKDP¶V PHWKRGV IRU WKH PRGHOV
WKDW DUH GHYHORSHG LQ WKLV UHVHDUFK DUH VKRZQ LQ )LJV - - - DQG -
UHVSHFWLYHO\LQWKHIROORZLQJVXEVHFWLRQV 
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7DEOH-6SDWLDOLQWHUSRODWLRQPRGHOVGHYHORSHGLQSUHYLRXVZRUN>@DQGLQWKLVVHFWLRQ 
 $LU7HPSHUDWXUH :LQG6SHHG :LQG'LUHFWLRQ 6RODU5DGLDWLRQ 
'XUKDP ,': ,':P$*/ ,': ,': 
1HZ ,':/DSVH5DWH ,':P$6/ 
,':&DUWHVLDQ
&RRUGLQDWHV .5, 
1HZ .5,/DSVH5DWH ,':P$6/'72   
1HZ  .5,P$6/ '72   
4.4.1. 6SDWLDOLQWHUSRODWLRQRIDLUWHPSHUDWXUH 
 
)LJ-,PSURYHPHQWLQ506(VIRUDLUWHPSHUDWXUHLQWHUSRODWLRQRYHUWKH'XUKDP¶VPHWKRGIRUWKH
PRGHOVGHYHORSHGLQWKLVVHFWLRQZKHQWDNLQJHDFKZHDWKHUVWDWLRQDVWKHWDUJHWORFDWLRQ 
7KH VSDWLDO LQWHUSRODWLRQ PRGHOV WDNLQJ DFFRXQW RI WKH ODSVH UDWH DUH VKRZQ WR
SHUIRUPEHWWHUWKDQWKH,':PHWKRGXVHGLQ>@IRUDLUWHPSHUDWXUHLQWHUSRODWLRQDW
PRVWZHDWKHUVWDWLRQV7KHLPSURYHPHQWVRYHUWKH,':PHWKRGZLWKRXWXVHRI WKH
ODSVHUDWHDUHVLJQLILFDQWDWWKHZHDWKHUVWDWLRQVRQHDVWVLGHRIWKHUHVHDUFKDUHDLH
VWDWLRQV±ZKLFKKDYHODUJHYDULDWLRQVLQDOWLWXGH7KLVPHDQVWKDWWKHFRQYHUVLRQ
RIDLUWHPSHUDWXUHEHWZHHQRULJLQDOKHLJKWVDQGWKHVHDOHYHOLHWKHUHIHUHQFHOHYHO
DWZKLFK WKHVSDWLDO LQWHUSRODWLRQ LVFDUULHGRXWFDQHIIHFWLYHO\PLWLJDWH LPSDFWVRI
WKHHOHYDWLRQDERYHVHDOHYHORQVSDWLDOLQWHUSRODWLRQRIDLUWHPSHUDWXUH 
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+RZHYHU WKH DFFXUDFLHV RI DLU WHPSHUDWXUH HVWLPDWHV IRU VWDWLRQV  DQG  DUH QRW
LPSURYHG ZLWK WKH DGGLWLRQDO FRQVLGHUDWLRQ RI WKH ODSVH UDWH ,W LV IRXQG WKDW WKH
GLIIHUHQFHVLQDLU WHPSHUDWXUHEHWZHHQVWDWLRQDQGLWVDGMDFHQWVWDWLRQVDQGDW
WKHLURULJLQDOKHLJKWVDUHVOLJKWO\VPDOOHURQDYHUDJHWKDQWKDWDWWKHVHDOHYHO7DEOH
-GHVFULEHV DSDUWLFXODU FDVHZKHUH WKHXVHRI WKH ODSVH UDWH LQ WKH ,':PHWKRG
GRHVQRWVLJQLILFDQWO\UHGXFHWKHHUURURIDLUWHPSHUDWXUHHVWLPDWHIRUVWDWLRQ7KH
HOHYDWLRQV݉$6/DYHUDJHDLUWHPSHUDWXUHVԨDWRULJLQDOOHYHOVDQGWKHVHDOHYHO
RIVWDWLRQDQGLWVVXUURXQGLQJVWDWLRQVDQGRQZKLFKLWODUJHO\GHSHQGVRQ
 DUH OLVWHG LQ 7DEOH - 7KH ,': ZHLJKWV DVVLJQHG WR WKH VWDWLRQV LQ
SUR[LPLW\WRVWDWLRQDQGWKHLUNULJLQJZHLJKWVDUHDOVRJLYHQLQ7DEOH-WRJHWKHU
ZLWK WKH FRUUHVSRQGLQJ HVWLPDWHV IRU VWDWLRQ  6LQFH WKHUH DUH VOLJKW FKDQJHV LQ
NULJLQJZHLJKWVDWHDFK-PLQXWHVWLPHVWHSWKHNULJLQJZHLJKWVHYDOXDWHGDW
RQDUHDSSOLHGWRDYHUDJHDLUWHPSHUDWXUHVWRHVWLPDWHWKHLQWHUSRODWLRQ 
7DEOH-(OHYDWLRQ ݉$6/ DYHUDJH DLU WHPSHUDWXUH Ԩ DWRULJLQDO KHLJKWV DQG WKH VHD OHYHO RI
VWDWLRQV  ±  ,': ZHLJKWV DQG NULJLQJ ZHLJKWV DVVLJQHG WR VWDWLRQV    DQG  DQG WKH
FRUUHVSRQGLQJHVWLPDWHVԨIRUVWDWLRQ 
6WDWLRQ,QGH[      
(VWLPDWHVԨ 
,': .ULJLQJ 
(OHYDWLRQ݉      1$ 
2ULJLQDOԨ       1$ 
6HD/HYHOԨ        
,':   1$   1$ 
.ULJLQJ   1$   1$ 
7KHDYHUDJHDLUWHPSHUDWXUHRIVWDWLRQDWWKHRULJLQDOKHLJKWLVVKRZQWREHKLJKHU
WKDQWKDWDW WKHQHDUHVWVWDWLRQEXW ORZHUWKDQWKRVHDWRWKHUVXUURXQGLQJVWDWLRQV
:KHQWKHDYHUDJHDLUWHPSHUDWXUHVDUHFRQYHUWHGIURPRULJLQDOOHYHOVWRWKHVHDOHYHO
WKHVHUHODWLYHO\ODUJHGHYLDWLRQVIURPVXUURXQGLQJVWDWLRQVDUHVLJQLILFDQWO\UHGXFHG
7KRXJK LW LV PRUH UHDVRQDEOH WR WDNH DFFRXQW RI WKH HIIHFW RI ODSVH UDWH RQ DLU
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WHPSHUDWXUHWKHGLUHFWXVHRIWKH,':PHWKRGKDSSHQVWRUHVXOWLQDQHUURUVLPLODUWR
WKDWIRUWKHDGGLWLRQDOFRQVLGHUDWLRQRIODSVHUDWH 
7KHNULJLQJPRGHOLVVKRZQWRJLYHIXUWKHULPSURYHPHQWVDWPRVWVWDWLRQVGXHWRLW
DGGLWLRQDOO\WDNLQJLQWRDFFRXQWVSDWLDOFRUUHODWLRQVEHWZHHQGLIIHUHQWORFDWLRQV,WLV
IRXQG WKDW WKH HPSLULFDO VHPL-YDULDQFHV EHWZHHQ DLU WHPSHUDWXUHV WKDW DUH VKRUW
GLVWDQFHV DSDUW HJZLWKLQ  ? ?݇ ݉ DV VKRZQ LQ)LJ-DUHYHU\ VLPLODUPHDQLQJ
WKDW WKH DFWXDO YDOXH DW WKH WDUJHW ORFDWLRQ PD\ EH FORVHU WR WKH REVHUYDWLRQ DW D
VDPSOHG ORFDWLRQ UHODWLYHO\ IXUWKHU DZD\ IURP LW WKDQ WKHQHDUHVW VDPSOHG ORFDWLRQ
)RU H[DPSOH WKH GLIIHUHQFH  ?Ǥ ? ?Ԩ LQ DYHUDJH DLU WHPSHUDWXUH DW WKH VHD OHYHO
EHWZHHQVWDWLRQV DQG LV VPDOOHU WKDQ WKDW  ?Ǥ ?ԨEHWZHHQVWDWLRQV DQGDQG
WKDW ?Ǥ ? ?ԨEHWZHHQVWDWLRQVDQGDVOLVWHGLQ7DEOH-WKRXJKVWDWLRQLVWKH
QHDUHVW ORFDWLRQ WR ERWK VWDWLRQV  DQG  7KH ODUJH ZHLJKW DVVLJQHG WR WKH QHDUHVW
VDPSOHGORFDWLRQLQWKH,':SURFHVVPD\WKHUHIRUHOHDGWRDUHODWLYHO\ODUJHHUURURI
DLUWHPSHUDWXUHHVWLPDWH 
)LJ-VKRZVWKDWWKHVHPL-YDULDQFHVRIUHVLGXDOVRIDLUWHPSHUDWXUHDWWKHVHDOHYHO
ILWWHGE\D*DXVVLDQPRGHOLQFUHDVHVORZO\DWWKHRULJLQGXHWRWKHVLPLODUHPSLULFDO
VHPL-YDULDQFHVDWVKRUWGLVWDQFHODJV7KLVZHDNHQVWKHLPSDFWRIWKHQHDUHVWVDPSOHG
ORFDWLRQDQG LQFUHDVHV WKHZHLJKWVDVVLJQHG WR VDPSOHG ORFDWLRQV WKDWDUH UHODWLYHO\
IXUWKHUDZD\IURPWKHWDUJHWORFDWLRQ,QDGGLWLRQWKHVPRRWKLQJHIIHFWRIWKHQXJJHW
UHGXFHV WKH LQIOXHQFH RI WKH QHDUHVW ORFDWLRQ RQ WKH WDUJHW ORFDWLRQ )RU H[DPSOH
ZKHQ VWDWLRQ  LV UHJDUGHG DV WKH WDUJHW ORFDWLRQ WKH ,': ZHLJKW DVVLJQHG WR WKH
QHDUHVW VWDWLRQ LV  ?Ǥ ? ? ZKLFK UHGXFHV WR  ?Ǥ ? ? LQ WKHNULJLQJSURFHVV DORQJZLWK
WKH LQFUHDVLQJ LPSDFWV RI RWKHU VWDWLRQV DV OLVWHG LQ 7DEOH - ,Q WKLV FDOFXODWLRQ
H[DPSOHWKHNULJLQJHVWLPDWHKDVDQHUURURI  ?Ǥ ? ?Ԩ ZKLFKLVPXFKVPDOOHUWKDQWKH
HUURU RI ,': HVWLPDWH HTXDO WR  ?Ǥ ? ?Ԩ 7KHUHIRUH LQ WKLV VWXG\ ZKHUH WKH DLU
WHPSHUDWXUHV WKDW DUH VKRUW GLVWDQFHV DSDUW KDYH VLPLODU VSDWLDO FRUUHODWLRQV WKH
NULJLQJPRGHOVKRZVDEHWWHUSHUIRUPDQFHWKDQWKH,':PHWKRGWKURXJKZHDNHQLQJ
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WKHZHLJKWJLYHQWRWKHQHDUHVWVDPSOHGORFDWLRQ7KHNULJLQJPRGHOZLWKDQDGGLWLRQ
RIODSVHUDWHLVWKHUHIRUHXVHGKHUHIRUDLUWHPSHUDWXUHLQWHUSRODWLRQ 
4.4.2. 6SDWLDOLQWHUSRODWLRQRIZLQGVSHHG 
 
)LJ - ,PSURYHPHQW LQ 506(V IRU ZLQG VSHHG LQWHUSRODWLRQ RYHU WKH 'XUKDP¶V PHWKRG IRU WKH
PRGHOVGHYHORSHGLQWKLVVHFWLRQZKHQWDNLQJHDFKZHDWKHUVWDWLRQDVWKHWDUJHWORFDWLRQ 
7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW P $6/ LV D EHWWHU FKRLFH DV WKH UHIHUHQFH
OHYHO LQ WKLV FDVH ZKHUH ZHDWKHU VWDWLRQV DUH ORFDWHG LQ WKH PRXQWDLQRXV WHUUDLQ
8VLQJ WKH UHIHUHQFH OHYHO RI P $6/ DQG WKH ,': PHWKRG WKH DGGLWLRQDO
PRGHOOLQJ RI WKH VXUIDFH WUHQG LQ WHUPV RI GLVWDQFH WR RFHDQ '72 LPSURYHV WKH
DFFXUDF\RIZLQG VSHHG LQWHUSRODWLRQ IXUWKHU DW PRVW VWDWLRQV H[FHSW IRU VWDWLRQV
DQG$VFDQEHVHHQIURP)LJ-VWDWLRQVDQGDUHORFDWHGRQWKHHGJHRIWKH
UHVHDUFK DUHD DQG WKHLU HVWLPDWHV ODUJHO\ GHSHQG RQ WKH QHDUHVW VWDWLRQV  DQG 
UHVSHFWLYHO\,WLVIRXQGLQVRPHFDVHVWKDWUHPRYLQJWKHWUHQGVXUIDFHVLQFUHDVHVWKH
GLIIHUHQFHV LQ UHVLGXDOV EHWZHHQ WKH WDUJHW ORFDWLRQV DQG WKHLU DGMDFHQW VDPSOHG
ORFDWLRQV$VVKRZQLQ)LJ-IRUH[DPSOHZLQGVSHHGVRIVWDWLRQLHWKHWDUJHW
ORFDWLRQDQGVWDWLRQDWWKHUHIHUHQFHOHYHORIP$6/KDYHDVOLJKWGLIIHUHQFHRI ?Ǥ ? ?݉ ݏ ?  DWRQ+RZHYHU WKHGLIIHUHQFHEHWZHHQ WKHLU UHVLGXDOV
LQFUHDVHV WR  ?Ǥ ? ?݉ ݏ ?  ZKHQ WKH WUHQG VXUIDFH LQ WHUPV RI '72 PRGHOOHG IURP
VDPSOHGORFDWLRQVLHVWDWLRQVWRLVUHPRYHG 
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)LJ-:LQGVSHHGVDWP$6/DWRQDQGWKHWUHQGVXUIDFHVLQWHUPVRI'72
PRGHOOHGIURPWKHGDWDZLWKLQUHFHQWGD\VDWVWDWLRQV± 
7KHNULJLQJPRGHOSHUIRUPVMXVWVOLJKWO\EHWWHUWKDQWKH,':PHWKRGDWPRVWVWDWLRQV
ZKHQERWKPDNHXVHRIVSDWLDOGH-WUHQGLQJ7KHOLPLWHGLPSURYHPHQWPLJKWEHGXHWR
WKHLQVXIILFLHQWQXPEHUDQGGLVWULEXWLRQRIZHDWKHUVWDWLRQV6LQFHWKHZLQGVSHHGLV
ODUJHO\DIIHFWHGE\ORFDOHIIHFWVDQGYDULHVVLJQLILFDQWO\DFURVVWKHVWXG\UHJLRQWKH
OLPLWHG QXPEHU RI ZHDWKHU VWDWLRQV UHVXOWV LQ DQ LQDGHTXDWH QXPEHU RI HPSLULFDO
VHPL-YDULDQFH SRLQWV WR ILW DQ DFFXUDWH VHPL-YDULRJUDP WR UHSUHVHQW VSDWLDO
FRUUHODWLRQVRIZLQGVSHHGHVSHFLDOO\DWVKRUWGLVWDQFHODJV$VZDVQRWHGLQ6HFWLRQ
WKHNULJLQJPRGHOFDQPLWLJDWHWKHHIIHFWVRIFOXVWHUV+RZHYHUWKHZHDWKHU
VWDWLRQVDUH IDLUO\ZHOOGLVWULEXWHGDQG WKHUHDUHQRVHYHUHFOXVWHUVVR WKDWNULJLQJ¶V
DGYDQWDJHRIEHLQJDEOHWRFRPSHQVDWHIRUFOXVWHUHIIHFWVLVOLPLWHG 
$Q XQVDWLVIDFWRU\ SHUIRUPDQFH RI NULJLQJ LV REVHUYHG DW VWDWLRQ  FRPSDUHG WR WKH
,':ZKLFKPD\EHGXHWRWKHVPRRWKLQJHIIHFWRIWKHQXJJHW5HJDUGLQJVWDWLRQDV
WKH WDUJHW ORFDWLRQ WKH ,': PHWKRG JLYHV D KLJK ZHLJKW RI  ?Ǥ ? ? WR WKH QHDUHVW
VWDWLRQ  ZKLOH WKH NULJLQJ ZHLJKW LV DURXQG  ?Ǥ ? ? ,W LV IRXQG WKDW WKH HPSLULFDO
VHPL-YDULDQFHRIZLQGVSHHGUHVLGXDOVDWP$6/EHWZHHQVWDWLRQVDQGWKDWDUH ?Ǥ ?݇݉ DSDUW LH WKH PLQLPXP VDPSOLQJ GLVWDQFH LQ WKH UHVHDUFK DUHD HTXDOV
DSSUR[LPDWHO\  ?Ǥ ? ଶ݉ ݏଶ ?  ZKLFK LV PXFK VPDOOHU WKDQ WKH VHPL-YDULDQFHV DW RWKHU
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GLVWDQFHODJVDVVKRZQLQ)LJ-7KLVLQGLFDWHVDVWURQJFRUUHODWLRQEHWZHHQZLQG
VSHHGVWKDWDUHTXLWHFORVHLQVSDFH7KHUHIRUHWKHZHDNHQHGLQIOXHQFHRIWKHQHDUHVW
VWDWLRQLQWKHNULJLQJSURFHVVOHDGVWROHVVDFFXUDWHHVWLPDWHVIRUVWDWLRQ 
 
)LJ-(PSLULFDOVHPL-YDULDQFHVFDOFXODWHGIURPUHVLGXDOVRIZLQGVSHHGVDWDOOZHDWKHUVWDWLRQVDW
P$6/RYHUWKHSHULRGIURPRQWRRQ 
&RQVLGHULQJWKHVWURQJFRUUHODWLRQVEHWZHHQZLQGVSHHGVWKDWDUHYHU\FORVHLQVSDFH
WKH ,': PHWKRG FRPELQHG ZLWK WKH PRGHOOLQJ RI WUHQG VXUIDFHV RI ZLQG VSHHG DW
P$6/LQWHUPVRI'72LVHPSOR\HGKHUHWRHVWLPDWHZLQGVSHHGVIRURYHUKHDG
VSDQV WKDW DUH ORFDWHG EHORZ P $6/ )RU D OLPLWHG QXPEHU RI VSDQV WKDW DUH
DERYH P DQG P $6/ WKH UHIHUHQFH OHYHOV RI P DQG P $6/ DUH
DGRSWHGUHVSHFWLYHO\$OWKRXJKWKHXVHRIPDQGP$6/LVIRXQGWRVOLJKWO\
UHGXFH WKH DFFXUDF\ RI ZLQG VSHHG LQWHUSRODWLRQ LQ WKH FURVV-YDOLGDWLRQ SURFHGXUH
WKHVSDQVDERYHPDQGP$6/PD\UDUHO\OLPLWWKHUDWLQJIRUDQ2+/VLQFH
WKH\XVXDOO\H[SHULHQFHUHODWLYHO\KLJKHUZLQGVSHHGVDQGORZHUDLUWHPSHUDWXUHVLH
DKLJKHUFRQYHFWLRQFRROLQJWKDQWKRVHWKDWDUHORFDWHGDWORZHUHOHYDWLRQV 
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4.4.3. 6SDWLDOLQWHUSRODWLRQRIZLQGGLUHFWLRQ 
 
)LJ-,PSURYHPHQWLQ506(VIRUZLQGGLUHFWLRQLQWHUSRODWLRQRYHUDVLPSOH,':PHWKRGIRUD
FRPELQDWLRQRI WKH,':PHWKRGDQG WKH&DUWHVLDQFRRUGLQDWHVZKHQ WDNLQJHDFKZHDWKHUVWDWLRQDV
WKHWDUJHWORFDWLRQ 
'HFRPSRVLQJ ZLQG GLUHFWLRQV DORQJ WKH HDVWHUO\ DQG QRUWKHUO\ D[HV LQ &DUWHVLDQ
FRRUGLQDWHV VXFFHVVIXOO\ DGGUHVVHV WKH FLUFXODU SURSHUWLHV RI ZLQG GLUHFWLRQ ݓௗ אሺെߨǡ ߨሿ DQG UHVXOWV LQ PRUH DFFXUDWH LQWHUSRODWLRQV WKDQ GLUHFWO\ DSSO\LQJ ,': WR
RULJLQDOZLQGGLUHFWLRQV,WZDVPHQWLRQHGLQ>@WKDWWKHGLUHFWDSSOLFDWLRQRI,':
PD\ UHVXOW LQ HUURQHRXV ZLQG GLUHFWLRQ HVWLPDWHV LQ SDUWLFXODU ZKHQ FRQFXUUHQW
REVHUYDWLRQVDWZHDWKHUVWDWLRQVDUHDURXQG Ȃ ߨ DQG ߨ,QWKLVFDVHWKHLQIHUHQFHRI
ZLQG GLUHFWLRQ IRU WKH WDUJHW ORFDWLRQ PD\ EH DURXQG  ? OHDGLQJ WR DQ HUURU RI ߨ
EHWZHHQWKHDFWXDOYDOXHDQGWKHHVWLPDWH+RZHYHUDQHUURURI ߨ LQZLQGGLUHFWLRQ
SURYLGHVWKHVDPHFRROLQJDVWKHDFWXDOZLQGGLUHFWLRQGXHWRWKHIDFWWKDWWKHIRUFHG
FRQYHFWLRQKHDWORVVUDWHLVGHWHUPLQHGE\WKHDQJOHEHWZHHQWKHFRQGXFWRUD[LVDQG
ZLQG GLUHFWLRQ >@ 7KHUHIRUH WKH PD[LPXP HUURU RI േߨ  LQ ZLQG GLUHFWLRQ
LQWHUSRODWLRQ ZRXOG QRW DIIHFW WKH FRROLQJ HIIHFW HVWLPDWLRQ >@ ZKLOH DQ HUURU RIߨ  ? ?  PD\ EH D UHDO SUREOHP IRU FHUWDLQ ZLQG GLUHFWLRQV HJ WKRVH WKDW DUH
DSSUR[LPDWHO\SDUDOOHORUSHUSHQGLFXODUWRWKHFRQGXFWRU 
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7RDVVHVVWKHDFFXUDF\RIZLQGGLUHFWLRQLQWHUSRODWLRQVZLWKUHVSHFWWRWKHLU LPSDFWV
RQWKHZLQGFRROLQJHIIHFWHUURUVRIZLQGGLUHFWLRQHVWLPDWHV ݁ݎݎ݋ݎఏ DUHFRQYHUWHG
LQWRWKHLQWHUYDORI ሺെߨ  ? ? ǡ ߨ  ? ? ሿ 
݁ݎݎ݋ݎఏכ ൌ ቐ݁ݎݎ݋ݎఏ ൅ ߨ݂݋ݎ݁ݎݎ݋ݎఏ݂݋ݎ݁ݎݎ݋ݎఏ െ ߨ݂݋ݎ ݁ݎݎ݋ݎఏ ൑ െߨ  ? ?െߨ  ? ? ൏ ݁ݎݎ݋ݎఏ ൑ ߨ  ? ?݁ݎݎ݋ݎఏ ൐ ߨ  ? ?  - 
7KH 506(V RI ݁ݎݎ݋ݎఏכ  DUH FDOFXODWHG IRU ERWK VSDWLDO LQWHUSRODWLRQ PRGHOV DV
VKRZQ LQ )LJ - ZKHUH WKH DGGLWLRQDO XVH RI WKH &DUWHVLDQ FRRUGLQDWHV JLYHV
VLJQLILFDQW LPSURYHPHQW LQ 506(V RI ݁ݎݎ݋ݎఏכ RYHU WKH 'XUKDP¶V PHWKRG DW PRVW
VWDWLRQV7KHUHIRUH WKH,':PHWKRG LVFRPELQHGZLWKWKH&DUWHVLDQFRRUGLQDWHVWR
HVWLPDWHZLQGGLUHFWLRQVIRUVSDQVLQWKLVVWXG\ 
 
)LJ - ,PSURYHPHQWV LQ 506( RI ݁ݎݎ݋ݎఏכ א ሺെߨ  ? ? ǡ ߨ  ? ? ሿ RYHU D VLPSOH ,': PHWKRG IRU D
FRPELQDWLRQRI WKH,':PHWKRGDQG WKH&DUWHVLDQFRRUGLQDWHVZKHQ WDNLQJHDFKZHDWKHUVWDWLRQDV
WKHWDUJHWORFDWLRQ 
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4.4.4. 6SDWLDOLQWHUSRODWLRQRIVRODUUDGLDWLRQ 
 
)LJ-,PSURYHPHQWLQ506(VIRUVRODUUDGLDWLRQLQWHUSRODWLRQRYHU,':IRUNULJLQJZKHQWDNLQJ
HDFKZHDWKHUVWDWLRQDVWKHWDUJHWORFDWLRQ 
$OWKRXJK WKH VHPL-YDULRJUDPPRGHOZDV VXFFHVVIXOO\ ILWWHG IRU VRODU UDGLDWLRQ WKH
NULJLQJLVVKRZQWRSHUIRUPVLPLODUO\WR,':7KLVPD\EHEHFDXVHZHDWKHUVWDWLRQV
DUH LQ IDLUO\ HYHQ GLVWULEXWLRQ ZKHUH NULJLQJ PD\ JLYH D VLPLODU LQWHUSRODWLRQ
DFFXUDF\WRRWKHULQWHUSRODWLRQPHWKRGV>@,QDGGLWLRQWRWKHVSDWLDOLQWHUSRODWLRQ
DOJRULWKP XVHG WR FDOFXODWH ZHLJKWV WKH DFFXUDF\ RI VRODU UDGLDWLRQ HVWLPDWH LV
LQIOXHQFHG E\ DVVRFLDWHG PHWHRURORJLFDO SDUDPHWHUV VXFK DV SUHFLSLWDWLRQ UHODWLYH
KXPLGLW\ YDSRU SUHVVXUH GHILFLW FORXGLQHVV HWF >@ /RFDO WRSRJUDSKLF IHDWXUHV
LHHOHYDWLRQVORSHDQGDVSHFWSURYLGHGE\DGLJLWDOHOHYDWLRQPRGHOFRXOGDOVREH
XVHGIRUVRODUUDGLDWLRQLQWHUSRODWLRQ6RODUUDGLDWLRQPDSSLQJWHFKQLTXHVKDYHEHHQ
GHYHORSHG LQDJHRJUDSKLF LQIRUPDWLRQV\VWHP*,6 WRHVWLPDWH WKHSRWHQWLDO VRODU
UDGLDWLRQ IURP WRSRJUDSKLF LQIRUPDWLRQ WKDW LV FRPELQHG ZLWK GLIIHUHQW SK\VLFDO
SDUDPHWHUL]DWLRQ>@7KH*,6EDVHGVRODUUDGLDWLRQPDSZDVDGGLWLRQDOO\UHILQHG
E\ FRPSDULQJ WKH SK\VLFDO HVWLPDWHV ZLWK WKHLU FRUUHVSRQGLQJ DFWXDO REVHUYDWLRQV
>@ +RZHYHU WKH *,6 EDVHG VRODU UDGLDWLRQ PDSSLQJ JHQHUDOO\ UHTXLUHV WKH
DVVRFLDWHGPHWHRURORJLFDOSDUDPHWHUVZKLFKPD\EHGLIILFXOW WRREWDLQ>@%H]]L
DQG 9LWWL >@ GHILQHG D PRUSKRORJLFDO LQGH[ IRU HDFK ORFDWLRQ E\ FRPELQLQJ WKH
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FODVVHVRI WKH ORFDO VORSHDQGDVSHFW DQGGHYHORSHGD OLQHDU IXQFWLRQ WRPRGHO WKH
YDULDWLRQLQGLUHFWVRODUUDGLDWLRQZLWKWKHRUGHURIWKHPRUSKRORJLFDOLQGH[WKDWZDV
VRUWHGEDVHGRQWKHDYHUDJHRIWKHPHDVXUHGGLUHFWVRODUUDGLDWLRQ,WPD\EHIHDVLEOH
WR XVH WKH FRPELQHG UH-FODVVLILFDWLRQ RI WKH VORSH DQG DVSHFW FODVVHV WR PRGHO WKH
WUHQGVXUIDFHVRIVRODUUDGLDWLRQLIWKHDVVRFLDWHGPHWHRURORJLFDOSDUDPHWHUVDUHIDLUO\
XQLIRUPLQWKHUHVHDUFKDUHD 
6LQFH WKH DVVRFLDWHG PHWHRURORJLFDO SDUDPHWHUV DQG WRSRJUDSKLF IHDWXUHV DUH QRW
DYDLODEOHLQWKLVVWXG\WKH,':PHWKRGWKDWVKRZVVLPLODUSHUIRUPDQFHDQGUHTXLUHV
OHVV FRPSXWDWLRQ WLPH WKDQ WKH NULJLQJ PRGHO LV XVHG WR LQIHU VRODU UDGLDWLRQV IRU
RYHUKHDGVSDQV 
4.5. &RQFOXVLRQV 
$UDQNFRUUHODWLRQEDVHGSDULQJPHWKRGDQGVSDWLDO LQWHUSRODWLRQPRGHOVKDYHEHHQ
GHYHORSHGLQWKLVFKDSWHUWRJHQHUDWHDSSURSULDWHFRUUHODWHGZHDWKHUVDPSOHVIRUHDFK
RYHUKHDG VSDQ 7R GHWHUPLQH SUREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH UDWLQJV D ODUJH
QXPEHURIUDQGRPZHDWKHUVDPSOHVDUHLQGHSHQGHQWO\JHQHUDWHGIURPWKHSUHGLFWLYH
GLVWULEXWLRQV PRGHOOHG IRU WKH PHDVXUHG ZHDWKHU YDULDEOHV 7KHVH LQGHSHQGHQW
UDQGRPZHDWKHUVDPSOHVDUHSDLUHGWRKDYHUDQNFRUUHODWLRQVVLPLODUWRWKRVHWKDWDUH
FRPSXWHG IURP UHFHQW ZHDWKHU REVHUYDWLRQV ZLWKLQ WKH PRVW UHFHQW  GD\V 7KH
FRUUHODWLRQVRI WKHSDLUHGZHDWKHU VDPSOHVDUH FORVH WR WKRVH IURPKLVWRULFZHDWKHU
GDWDHVSHFLDOO\IRUOLQHDUYDULDEOHVLHDLUWHPSHUDWXUHDQGZLQGVSHHG7KHUDQGRP
VDPSOHVRIDLUWHPSHUDWXUHDQGZLQGVSHHGDWGLIIHUHQWVWDWLRQVDUHRQO\SDLUHGIRUWKH
UDWLQJ HVWLPDWLRQ IRU DQ HQWLUH RYHUKHDG OLQH 2+/ 7KLV LV EHFDXVH WKH UDQN
FRUUHODWLRQPDWUL[FDOFXODWHGIURPUHFHQWZHDWKHUREVHUYDWLRQVPD\QRWEHSRVLWLYH
GHILQLWHZKHQ LQFOXGLQJYDULDEOHV IRUZLQGGLUHFWLRQZKLFKZRXOGGLVDEOH WKH UDQN
FRUUHODWLRQEDVHGSDLULQJPHWKRG 
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7KHFRUUHODWHGUDQGRPVDPSOHVRIDLUWHPSHUDWXUHDQGZLQGVSHHGLQGHSHQGHQWZLQG
GLUHFWLRQVDPSOHVDQGSRLQWIRUHFDVWVRIVRODUUDGLDWLRQDWGLIIHUHQWVWDWLRQVDUHXVHG
WRLQIHUSRVVLEOHZHDWKHUFRQGLWLRQVH[SHULHQFHGDWDOOVSDQVZLWKLQDQ2+/WKURXJK
VXLWDEOHVSDWLDOLQWHUSRODWLRQPHWKRGV$QDSSURSULDWHVSDWLDOLQWHUSRODWLRQPHWKRGLV
GHWHUPLQHG IRU HDFK ZHDWKHU SDUDPHWHU E\ FRPSDULQJ SHUIRUPDQFHV RI DQ LQYHUVH
GLVWDQFH ZHLJKWLQJ ,': PRGHO WKDW ZDV HPSOR\HG LQ SUHYLRXV ZRUN >@ DQG D
NULJLQJ LQWHUSRODWLRQ PRGHO WKDW DVVLJQV ZHLJKWV EDVHG RQ D GDWD-GULYHQ ZHLJKWLQJ
IXQFWLRQ ,QDGGLWLRQVSDWLDOGH-WUHQGLQJKDVEHHQXVHGWRILWVSDWLDO WUHQGVRU WUHQG
VXUIDFHV WR ZHDWKHU GDWD LQ WHUPV RI WKH DVVRFLDWHG JHRJUDSKLF YDULDEOHV HJ DLU
WHPSHUDWXUH GHFUHDVLQJ ZLWK HOHYDWLRQ DERYH VHD OHYHO $6/ DQG ZLQG VSHHG DW D
UHIHUHQFHOHYHORIP$6/GHFUHDVLQJZLWKGLVWDQFHWRRFHDQ7KHQWKHPRGHOOHG
WUHQGVXUIDFHVDUHUHPRYHGIURPZHDWKHUGDWDDWWKHUHIHUHQFHOHYHOVRDVWRPLWLJDWH
WKH LPSDFWVRIJHRJUDSKLFYDULDEOHVRQ VSDWLDO FRUUHODWLRQV DPRQJ WKH ILHOGGDWD DV
ZHOO DV WKH LQWHUSRODWLRQ SURFHVV 7KH VHPL-YDULRJUDP ILWWHG WR WKH HPSLULFDO
VHPL-YDULDQFHVWKDWDUHFRPSXWHGIURPUHVLGXDOVDIWHU)RXULHUVHULHVEDVHGWHPSRUDO
GH-WUHQGLQJDQGVSDWLDOGH-WUHQGLQJGRHVQRWVXIIHUIURPWKHLQWHUIHUHQFHRIWKHWUHQGV
LPSOLHGLQZHDWKHUGDWD&RPSDUHGWRWKHVHPL-YDULRJUDPGHULYHGIURPWKHRULJLQDO
GDWDWKHUHVLGXDOVEDVHGVHPL-YDULRJUDPFOHDUO\VKRZVWKHSDWWHUQRIVHPL-YDULDQFHV
EHWZHHQZHDWKHUYDULDEOHVLQFUHDVLQJZLWKGLVWDQFHODJ7KHDGGLWLRQDOXVHRIVSDWLDO
GH-WUHQGLQJPDNHVWKHPDLQFRQWULEXWLRQWRWKHDFFXUDF\RIVSDWLDO LQWHUSRODWLRQIRU
DLUWHPSHUDWXUHDQGZLQGVSHHG)XUWKHUPRUHPRUHDFFXUDWHZLQGGLUHFWLRQHVWLPDWHV
DUHREWDLQHGE\XVLQJWKH,':PHWKRGWKDW LVFRPELQHGZLWKWKHGHFRPSRVLWLRQRI
ZLQGGLUHFWLRQLQWKH&DUWHVLDQFRRUGLQDWHV 
'XH WR WKH VLPLODU VSDWLDO FRUUHODWLRQV EHWZHHQ DLU WHPSHUDWXUHV WKDW DUH VKRUW
GLVWDQFHVDSDUWD*DXVVLDQPRGHOZLWKDQRQ-]HURQXJJHWLVVHOHFWHGWRILWHPSLULFDO
VHPL-YDULDQFHV LQ WKHNULJLQJSURFHVV7KLVZHDNHQV WKHNULJLQJZHLJKWDVVLJQHG WR
WKHQHDUHVWVDPSOHGORFDWLRQDQGVPRRWKVWKHLQWHUSRODWLRQVXUIDFHZKLFKUHVXOWVLQD
KLJKHU DFFXUDF\ RI DLU WHPSHUDWXUH LQWHUSRODWLRQ LQ WKLV VWXG\ )RU ZLQG VSHHG DQG
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VRODUUDGLDWLRQWKHNULJLQJPRGHOSHUIRUPVMXVWVOLJKWO\EHWWHUWKDQWKH,':PHWKRG
DWPRVWVWDWLRQVZKLFKPLJKWEHGXHWR WKHLQVXIILFLHQWQXPEHURIZHDWKHUVWDWLRQV
DQGWKHLUIDLUO\HYHQGLVWULEXWLRQLQWKHUHVHDUFKDUHD&RPSDUHGWRWKH,':WKDWXVHV
DQDUELWUDU\ IXQFWLRQ WRJLYHDGHFUHDVLQJZHLJKWZLWK LQFUHDVLQJGLVWDQFH IURP WKH
WDUJHW ORFDWLRQ WKH PDLQ DGYDQWDJH RI NULJLQJ LV WKDW LW GRHV QRW DVVLJQ DQ XQGXO\
KLJKZHLJKWLQJ WRZKDWDUHHIIHFWLYHO\GXSOLFDWHPHDVXUHPHQWV LQVLPLODU ORFDWLRQV
DQDGYDQWDJHWKDW LVQRWVLJQLILFDQW LQ WKLVFDVH$QLQVXIILFLHQWQXPEHURIVDPSOHG
ORFDWLRQV FRXOG UHVXOW LQ WKDW WKH ILWWHG VHPL-YDULRJUDP QRW DFFXUDWHO\ UHSUHVHQWLQJ
WKH VSDWLDO FRUUHODWLRQV DPRQJZHDWKHUYDULDEOHV HVSHFLDOO\ DW D VKRUWGLVWDQFH ODJ
)XUWKHUPRUHWKHVPRRWKLQJHIIHFWRIWKHQXJJHWLQWKHNULJLQJSURFHVVFRXOGGHJUDGH
WKHSHUIRUPDQFHRIZLQGVSHHGLQWHUSRODWLRQIRUWKHWDUJHWORFDWLRQWKDWLVYHU\FORVH
WRLWVQHDUHVWVDPSOHGORFDWLRQ7KLVLVEHFDXVHZLQGVSHHGVVKRZVLJQLILFDQWVSDWLDO
FRUUHODWLRQVDWVKRUWGLVWDQFHODJVZKLOHWKHQXJJHWHIIHFWUHGXFHVWKHLQIOXHQFHRIWKH
QHDUHVWVDPSOHGORFDWLRQRQWKHWDUJHWORFDWLRQ 
7KURXJK D GHWDLOHG FRPSDULVRQ DQG DVVHVVPHQW RI WKH DFFXUDF\ RI GLIIHUHQW VSDWLDO
LQWHUSRODWLRQPHWKRGVIRUHDFKZHDWKHUSDUDPHWHUWKHIROORZLQJVSDWLDOLQWHUSRODWLRQ
PHWKRGVDUHHPSOR\HGLQWKLVUHVHDUFK 
x .ULJLQJFRPELQHGZLWKWKHODSVHUDWHIRUDLUWHPSHUDWXUH 
x ,':FRPELQHGZLWKWKHPRGHOOLQJRIWKHWUHQGVXUIDFHRIZLQGVSHHGDWWKH
UHIHUHQFH OHYHORIP$6/LQ WHUPVRIGLVWDQFH WRRFHDQ'72 IRUZLQG
VSHHG 7KH UHIHUHQFH OHYHOV RI P DQG P $/6 DUH DGRSWHG IRU WKH
RYHUKHDGVSDQVWKDWDUHORFDWHGDERYHPDQGP$6/UHVSHFWLYHO\ 
x ,': FRPELQHG ZLWK WKH GHFRPSRVLWLRQ RI ZLQG GLUHFWLRQ LQ WKH &DUWHVLDQ
FRRUGLQDWHVIRUZLQGGLUHFWLRQ 
x ,':IRUVRODUUDGLDWLRQ 
,WVKRXOGEHQRWHGWKDWLWFDQQRWEHJXDUDQWHHGWKDWDQ\SDUWLFXODUVSDWLDOLQWHUSRODWLRQ
PHWKRGZLOOEHVXLWDEOHIRUDOOFDVHV>@7KHPRGHOOLQJRIVSDWLDOWUHQGVLQWHUPV
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RI JHRJUDSKLF SDUDPHWHUV LV ORFDWLRQ VSHFLILF )RU H[DPSOH WKH HIIHFW RI '72 RQ
ZLQGVSHHGKDVEHHQ WHVWHGDQGFRQVLGHUHGIRUVSDWLDO LQWHUSRODWLRQ LQ WKLV UHVHDUFK
ZKLFKIRFXVHVRQDFRDVWDODUHD+RZHYHU WKLVPD\EHQRWDSSOLFDEOHIRUDQLQODQG
UHJLRQRUDSDUWLFXODUDUHDZKHUH WKHUH LVQRFOHDUUHODWLRQVKLSEHWZHHQZLQGVSHHG
DQG'72)XUWKHUPRUHVSDWLDOFRUUHODWLRQVDPRQJZHDWKHUYDULDEOHVJHQHUDOO\YDU\
LQ GLIIHUHQW UHVHDUFK DUHDV ZKLFK PD\ DIIHFW WKH VHOHFWLRQ RI VSDWLDO LQWHUSRODWLRQ
PRGHOV$VZDVGLVFXVVHGDERYHNULJLQJZRUNVEHWWHUWKDQ,':IRUDLUWHPSHUDWXUH
LQWHUSRODWLRQLQ WKLVVWXG\VLQFHNULJLQJWDNHVDFFRXQWRIVLPLODUVSDWLDOFRUUHODWLRQV
EHWZHHQDLU WHPSHUDWXUHVDWVKRUWGLVWDQFHODJVDQGZHDNHQVWKHZHLJKWDVVLJQHGWR
WKHQHDUHVWVDPSOHGORFDWLRQ)RURWKHUVWXG\UHJLRQVZKHUHDLUWHPSHUDWXUHVKRZVD
VWURQJ VSDWLDO FRUUHODWLRQ DW VKRUW GLVWDQFH ODJV NULJLQJ PD\ KDYH D SHUIRUPDQFH
VLPLODU WRRUZRUVH WKDQ ,':0RUHRYHU DVQRWHGDERYHD IDLUO\HYHQGLVWULEXWLRQ
DQG D OLPLWHG QXPEHU RI ZHDWKHU VWDWLRQV LQ D UHVHDUFK DUHD PD\ GHJUDGH WKH
SHUIRUPDQFHRINULJLQJZKLFKKDVDQDGYDQWDJHRIFRPSHQVDWLRQIRUFOXVWHUHIIHFWV
DQGUHOLHVRQWKHDFFXUDWHPRGHOOLQJRIVSDWLDOFRUUHODWLRQVEHWZHHQZHDWKHUYDULDEOHV
7KHUHIRUH IRU GLIIHUHQW ZHDWKHU SDUDPHWHUV RU VWXG\ UHJLRQV RI LQWHUHVW DQ
DSSURSULDWH VSDWLDO LQWHUSRODWLRQPHWKRG LQHDFKFDVHKDV WREHGHWHUPLQHG WKURXJK
DVVHVVPHQWRIWKHSRVVLEOHDSSURDFKHV>@  
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5. 352%$%,/,67,&)25(&$67,1*2)
67($'<-67$7('<1$0,&/,1(5$7,1* 
5.1. ,QWURGXFWLRQ 
7KHSUREDELOLVWLFIRUHFDVWVRIVWHDG\-VWDWHG\QDPLFOLQHUDWLQJ'/5IRUXSWRDKDOI
KRXU  VWHSV DKHDG DW WZR SDUWLFXODU VSDQV &4-&4 DQG $&-$&% LQ
SUR[LPLW\WRZHDWKHUVWDWLRQVDQGDQGHLJKWN9RYHUKHDGOLQHV2+/VLQWKH
UHVHDUFK DUHD DUH VWXGLHG 7KH N9 2+/V DUH FRPSRVHG RI µ/\Q[¶ $&65 ? ? ?݉ ݉ଶ  DQG µ3RSODU¶ $$$&  ? ? ?݉ ݉ଶ  FRQGXFWRUV ZLWK PD[LPXP DOORZDEOH
FRQGXFWRU WHPSHUDWXUHV RI  ? ?Ԩ DQG  ? ?Ԩ ZKLFK DUH UHGXFHG WR  ? ?Ԩ DQG  ? ?Ԩ
UHVSHFWLYHO\IRUUHDVRQVRIFRQVHUYDWLVP>@DVZDVGLVFXVVHGLQ6HFWLRQ7KH
VWDWLFOLQHUDWLQJV6/5VIRUWKHWZRVSDQVDUH  ? ? ?ܣ DQG  ? ? ?ܣ LQZLQWHU-DQXDU\
DQG)HEUXDU\DQG  ? ? ?ܣ DQG  ? ? ?ܣ LQVSULQJ0DUFKUHVSHFWLYHO\>@ 
8VLQJWKHUDQNFRUUHODWLRQEDVHGSDLULQJPHWKRGDQGWKHVSDWLDOLQWHUSRODWLRQPRGHO
DGRSWHGIRUHDFKZHDWKHUSDUDPHWHU  ? ?ସ VHWVRIFRUUHODWHGDQGLQGHSHQGHQWUDQGRP
ZHDWKHUVDPSOHVDUHJHQHUDWHGIRUHDFKVSDQIURPWKHSUHGLFWLYHGLVWULEXWLRQVRIWKH
PHDVXUHG ZHDWKHU YDULDEOHV DW D SDUWLFXODU IXWXUH PRPHQW 7KHVH FRUUHODWHG DQG
LQGHSHQGHQW ZHDWKHU LQSXWV DUH WKHQ VHSDUDWHO\ XVHG WR GHWHUPLQH WKH SRVVLEOH
IRUHFDVWVRIVWHDG\-VWDWH'/5VIRUHDFKVSDQEDVHGRQDWKHUPDOPRGHORIRYHUKHDG
FRQGXFWRUV>@7KHPLQLPXPYDOXHRI'/5IRUHFDVWVIRUDOOVSDQVZLWKLQDQ2+/LV
LGHQWLILHG DV WKH UDWLQJ IRU WKH ZKROH OLQH LQ HDFK RI  ? ?ସ VFHQDULRV $ VDPSOH
FXPXODWLYHGLVWULEXWLRQ IXQFWLRQ &')FDQEHH[WUDFWHG IURP  ? ?ସ VDPSOHGYDOXHV
RI '/5 IRUHFDVWV IRU D SDUWLFXODU VSDQ RU DQ HQWLUH 2+/ 7KH SHUFHQWLOHV RI '/5
IRUHFDVWVDUHWKHQVPRRWKHGDQGHVWLPDWHGE\NHUQHOGHQVLW\HVWLPDWLRQ>@ 
7KH FDOLEUDWLRQ RI SUREDELOLVWLF VWHDG\-VWDWH '/5 IRUHFDVWV HVWLPDWHG E\ GLIIHUHQW
DSSURDFKHV LH WKH FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+ PRGHOV EDVHG RQ FRUUHODWHG
ZHDWKHU VDPSOHV WKH &+ PRGHOV EDVHG RQ LQGHSHQGHQW ZHDWKHU VDPSOHV DQG WKH
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KRPRVFHGDVWLFPRGHOVEDVHGRQLQGHSHQGHQWZHDWKHUVDPSOHVZLOOEHH[DPLQHGE\
WKHLU KLVWRJUDPV RI SUREDELOLW\ LQWHJUDO WUDQVIRUP 3,7 VR DV WR GHWHUPLQH ZKLFK
DSSURDFKHVDUHPRVWVXLWHGWRHVWLPDWLRQRI'/5VHVSHFLDOO\DWORZHUSHUFHQWLOHVIRU
DSDUWLFXODUVSDQDQGDQ2+/7KHIRUHFDVWDFFXUDFLHVRIWKHVHOHFWHGDSSURDFKHVZLOO
EHDVVHVVHGIRUGLIIHUHQWUDWLQJOHYHOVXVLQJSHUVLVWHQFHIRUHFDVWLQJDVDEHQFKPDUN,W
LVQRWHGWKDWLQWKLVFKDSWHUVWHDG\-VWDWH'/5VHVWLPDWHGIURPZHDWKHUREVHUYDWLRQV
WKURXJKWKHWKHUPDOPRGHORIWKHFRQGXFWRUVDUHUHJDUGHGDVWKHµDFWXDO¶UDWLQJVDQG
WKDW WKHXQFHUWDLQW\RI'/5IRUHFDVWV LVPRGHOOHGEDVHGRQZHDWKHU IRUHFDVW HUURUV
RQO\XQGHUDQDVVXPSWLRQRISHUIHFWVSDWLDOLQWHUSRODWLRQEHWZHHQZHDWKHUYDULDEOHV  
5.2. 3UREDELOLVWLF'/5)RUHFDVWLQJIRUD6LQJOH6SDQ 
5DQGRP ZHDWKHU LQSXWV IRU D SDUWLFXODU VSDQ DUH VHSDUDWHO\ HVWLPDWHG WKURXJK D
VSDWLDOLQWHUSRODWLRQEHWZHHQFRUUHODWHGDQGLQGHSHQGHQWZHDWKHUVDPSOHVZKLFKDUH
JHQHUDWHGIURPWKHSUHGLFWLYHGLVWULEXWLRQVRIWKHPHDVXUHGZHDWKHUYDULDEOHV)RUD
VLQJOH VSDQ LQ FORVH SUR[LPLW\ WR D ZHDWKHU VWDWLRQ ZHDWKHU PHDVXUHPHQWV DW WKH
VWDWLRQFDQEHGLUHFWO\XVHGWRFDOFXODWHSUREDELOLVWLF'/5IRUHFDVWVIRUWKHVSDQ7KH
SUREDELOLVWLF-VWHS-DKHDGDQG-VWHS-DKHDG'/5IRUHFDVWVDWWZRVSDQV&4-&4
DQG$&-$&%LQSUR[LPLW\WRZHDWKHUVWDWLRQVDQGDUHVWXGLHGKHUH 
5.2.1. &DOLEUDWLRQRISUREDELOLVWLFIRUHFDVWVIRUDVLQJOHVSDQ 
:KHQFDOFXODWLQJSUREDELOLVWLF'/5IRUHFDVWVIRUDVLQJOHVSDQLQFORVHSUR[LPLW\WR
DQ LQVWDOOHGZHDWKHUVWDWLRQRQO\FRUUHODWLRQVEHWZHHQUDQGRPVDPSOHVRIGLIIHUHQW
ZHDWKHU SDUDPHWHUV DW WKH VWDWLRQ DUH FRQVLGHUHG 7KH SUHGLFWLYH GLVWULEXWLRQ RI
VWHDG\-VWDWH '/5 LV GHULYHG IURP WKH  ? ?ସ VHWV RI UDQGRP ZHDWKHU VDPSOHV XVLQJ
0RQWH&DUORVLPXODWLRQ)LJ-VKRZVWKHSUHGLFWLYHGLVWULEXWLRQVRIWKHPHDVXUHG
ZHDWKHUYDULDEOHVIRUVWHSVDKHDGDWVWDWLRQDQGWKHFRUUHVSRQGLQJGLVWULEXWLRQRI
'/5 IRUHFDVWV DW VSDQ &4-&4 HVWLPDWHG IURP WKH FRUUHODWHG UDQGRP ZHDWKHU
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VDPSOHV 7KH SHUFHQWLOHV RI '/5 IRUHFDVWV DUH WKHQ VPRRWKHG DQG HVWLPDWHG E\
NHUQHOGHQVLW\HVWLPDWLRQ>@ 
 
)LJ - 3UHGLFWLYH GLVWULEXWLRQV RI ZHDWKHU FRQGLWLRQV DW ZHDWKHU VWDWLRQ  DQG WKH FRUUHVSRQGLQJ
VWHDG\-VWDWH'/5DWVSDQ&4-&4GHULYHGIURPWKHSDLUHGZHDWKHUVDPSOHVIRUVWHSVDKHDGDW
RQREVHUYHGYDOXHVDUHUHSUHVHQWHGE\UHGOLQHV 
)LJV-DQG-VKRZWKHUDWLRVRIWK±WKSHUFHQWLOHVWK±WKSHUFHQWLOHVSRLQW
IRUHFDVWV RI FRQWLQXRXV '/5V PRGHOOHG E\ WKH FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+
PRGHOV EDVHG RQ FRUUHODWHG &+-& ZHDWKHU VDPSOHV IRU  VWHS DKHDG DQG  VWHSV
DKHDG DQG ZHDWKHU REVHUYDWLRQ EDVHG '/5V WR WKH VWDWLF OLQH UDWLQJV 6/5V RQ
IRU&4-&4DQG$&-$&%UHVSHFWLYHO\7KHGLVWULEXWLRQVRI
-VWHS-DKHDG'/5IRUHFDVWVDUHOHVVFRQFHQWUDWHGWKDQWKDWRI-VWHS-DKHDGIRUHFDVWV
RQDYHUDJHGXHWRWKHIDFWWKDWDVDWLVIDFWRU\FDOLEUDWLRQLVWREHSUHVHUYHGZKLOHWKH
IRUHFDVWHUURUVLQFUHDVHIRU'/5VIRUVWHSVDKHDG 
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)LJ - 3UREDELOLVWLF -VWHS-DKHDG DQG -VWHS-DKHDG VWHDG\-VWDWH '/5 IRUHFDVWV RQ  IRU
VSDQ&4-&4 
 
)LJ - 3UREDELOLVWLF -VWHS-DKHDG DQG -VWHS-DKHDG VWHDG\-VWDWH '/5 IRUHFDVWV RQ  IRU
VSDQ$&-$&% 
$V ZDV QRWHG LQ 6HFWLRQ  WKH FDOLEUDWLRQ RI SUREDELOLVWLF IRUHFDVWV FDQ EH
DVVHVVHG E\ WKH KLVWRJUDP RI WKH SUREDELOLW\ LQWHJUDO WUDQVIRUP 3,7 $Q
DSSUR[LPDWHO\ XQLIRUP 3,7 KLVWRJUDP UHYHDOV SUREDELOLVWLF IRUHFDVWV WR EH IXOO\
FDOLEUDWHG7KH3,7KLVWRJUDPVIRUSUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWV IRUKDOI
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KRXU DKHDG JHQHUDWHG E\ WKH &+-& ZHDWKHU LQSXWV WKH &+ PRGHOV EDVHG RQ
LQGHSHQGHQW &+-, ZHDWKHU LQSXWV DQG WKH KRPRVFHGDVWLF + PRGHOV EDVHG RQ
LQGHSHQGHQW+-,ZHDWKHULQSXWVIRUWZRVSDQVDUHSORWWHGLQ)LJ-7KHUHODWLYH
IUHTXHQF\ RI  ?Ǥ ? ? SHU SHUFHQWLOH IRU D XQLIRUPO\ GLVWULEXWHG 3,7 KLVWRJUDP LV
UHSUHVHQWHGE\DEODFNVROLGOLQH 
 
)LJ-3,7KLVWRJUDPVRISUREDELOLVWLF-VWHS-DKHDGVWHDG\-VWDWH'/5IRUHFDVWVIRUWKHWZRVSDQV 
7KH3,7KLVWRJUDPVRISUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVGHULYHGIURPWKH&+
PRGHOVDUHVKRZQWRKDYHDEHWWHUFDOLEUDWLRQWKDQWKRVHGHULYHGIURPWKH+PRGHOV
7KH KXPS VKDSHG 3,7 KLVWRJUDPV RI '/5 IRUHFDVWV HVWLPDWHG E\ WKH +-, ZHDWKHU
LQSXWVLQGLFDWHWKDWWKH+-,SUREDELOLVWLF'/5IRUHFDVWVDUHWRRGLVSHUVLYHRQDYHUDJH
)XUWKHUPRUH WKH UHODWLYH IUHTXHQFLHVDWERWKHQGVRI WKH&+-&3,7KLVWRJUDPVDUH
KLJKZKLFK UHYHDOV WKDW WKHSUHGLFWLYHGLVWULEXWLRQVRI'/5VDUH OHVVGLVSHUVLYH IRU
PRVWRI WKH WLPH7KLVPLJKWEHGXH WR WKH ORQJ-WHUPSRVLWLYHFRUUHODWLRQVEHWZHHQ
WKHSDLUHGUDQGRPVDPSOHVRIDLUWHPSHUDWXUHDQGZLQGVSHHGDVVKRZQLQ)LJ-
7KH LQFUHDVHG FRROLQJ HIIHFW LQGXFHG E\ KLJK ZLQG VSHHGV LV XVXDOO\ UHGXFHG E\
DFFRPSDQLHG KLJK DLU WHPSHUDWXUHV DQG YLFH YHUVD 7KLV K\SRWKHVLV LV WHVWHG E\
FRPSDULQJ WKH 3,7 KLVWRJUDPV RI '/5 IRUHFDVWV IRU KDOI KRXU DKHDG DW WKH VSDQ
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&4-&4 WKDW DUH GHULYHG IURP D WKH LQGHSHQGHQW UDQGRP ZHDWKHU LQSXWV E
WKH LQGHSHQGHQW ZLQG GLUHFWLRQ VDPSOHV DQG WKH FRUUHODWHG VDPSOHV RI ZLQG VSHHG
DQGDLUWHPSHUDWXUHWKDWDUHSDLUHGEDVHGRQKLVWRULFZHDWKHUREVHUYDWLRQVDQGFWKH
LQGHSHQGHQW ZLQG GLUHFWLRQ VDPSOHV DQG WKH FRUUHODWHG VDPSOHV RI DLU WHPSHUDWXUH
DQGZLQGVSHHGWKDWDUHSDLUHGEDVHGRQDVSHFLILHGUDQNFRUUHODWLRQRI7KHVHDUH
VKRZQLQ)LJ- 
 
)LJ - 3,7 KLVWRJUDPV RI -PLQXWHV-DKHDG VWHDG\-VWDWH '/5 IRUHFDVWV DW WKH VSDQ &4-&4
HVWLPDWHGIURPDWKHLQGHSHQGHQWZHDWKHUVDPSOHVEWKHLQGHSHQGHQWZLQGGLUHFWLRQVDPSOHVDQG
WKH FRUUHODWHG DLU WHPSHUDWXUH DQG ZLQG VSHHG VDPSOHV WKDW DUH SDLUHG EDVHG RQ KLVWRULF ZHDWKHU
REVHUYDWLRQVDQG F WKH LQGHSHQGHQWZLQGGLUHFWLRQVDPSOHVDQG WKHFRUUHODWHGDLU WHPSHUDWXUHDQG
ZLQGVSHHGVDPSOHVWKDWDUHSDLUHGEDVHGRQDVSHFLILHGUDQNFRUUHODWLRQRI 
:KHQSDLULQJWKHVDPSOHVRIDLUWHPSHUDWXUHDQGZLQGVSHHGRQO\WKH3,7KLVWRJUDP
E LV YHU\ VLPLODU WR WKH 3,7 KLVWRJUDP D GHULYHG IURP WKH LQGHSHQGHQW UDQGRP
ZHDWKHULQSXWV:KHQDVSHFLILHGUDQNFRUUHODWLRQRILV LPSRVHGRQWKHUDQGRP
VDPSOHV EHWZHHQ DLU WHPSHUDWXUH DQG ZLQG VSHHG WKH UHODWLYH IUHTXHQFLHV DW ERWK
HQGVRIWKH3,7KLVWRJUDPFDUHVOLJKWO\KLJKHUWKDQWKRVHWKDWDUHGHULYHGIURPWKH
LQGHSHQGHQWUDQGRPZHDWKHUVDPSOHV7KLVPHDQVWKDW LW LV WKHFRUUHODWLRQEHWZHHQ
ZLQG VSHHG DQG ZLQG GLUHFWLRQ VDPSOHV WKDW PDNHV WKH PDLQ FRQWULEXWLRQ WR WKH
RYHUFRQFHQWUDWLRQ RI WKH &+-& PRGHO EDVHG SUHGLFWLYH GLVWULEXWLRQV RI '/5V RQ
DYHUDJH 7KLV PD\ EH EHFDXVH DLU WHPSHUDWXUH SUHGLFWLRQV DUH VR DFFXUDWH WKDW WKH
UDQJHRIDLUWHPSHUDWXUHVDPSOHVDWDSDUWLFXODUIXWXUHWLPHLVYHU\VPDOOOHDGLQJWRD
VOLJKWLPSDFWRIWKHFRUUHODWLRQEHWZHHQZLQGVSHHGDQGDLUWHPSHUDWXUHVDPSOHVRQ
WKHGLVWULEXWLRQRI'/5IRUHFDVWV,QDGGLWLRQLWLVWKHULVHRIWKHPD[LPXPDOORZDEOH
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FRQGXFWRUWHPSHUDWXUH ௖ܶ௠௔௫ DERYHDLU WHPSHUDWXUHWKDWGHWHUPLQHVWKHFRQYHFWLRQ
DQGUDGLDWLRQKHDWORVVUDWHVZKLFKDIIHFWVWHDG\-VWDWH'/5V$VZDVQRWHGLQ6HFWLRQ
JLYHQD ODUJHGLIIHUHQFHEHWZHHQ ௖ܶ௠௔௫ DQGDLU WHPSHUDWXUH WKHVPDOO UDQJH
RIDLUWHPSHUDWXUHVDPSOHVDWDSDUWLFXODUIXWXUHPRPHQWZRXOGKDYHVLPLODULPSDFWV
RQWKHSUHGLFWLRQRIVWHDG\-VWDWH'/5V 
7KHVLJQLILFDQWGHYLDWLRQVIURPWKHLGHDOUHODWLYHIUHTXHQF\RI  ?Ǥ ? ? DWERWKHQGVRI
WKH&+-&3,7KLVWRJUDPVDUHPLWLJDWHGLQWKH&+-,3,7KLVWRJUDPVDVVKRZQLQ)LJ
- ,Q WKHRU\ WKH LQGHSHQGHQW UDQGRP ZHDWKHU VDPSOHV VKRXOG EH WUHDWHG DV
FRUUHODWHG +RZHYHU WKH DGGLWLRQDO FRUUHODWLRQV DJJUDYDWH WKH FRQFHQWUDWLRQ RI
XQGHU-GLVSHUVLYH &+-, SUREDELOLVWLF '/5 IRUHFDVWV LQ WKLV UHVHDUFK 7KURXJK
FKHFNLQJ WKHFRUUHODWLRQEHWZHHQ3,7YDOXHVRI WKHSUREDELOLVWLF'/5IRUHFDVWV IRU
HDFK RI WKH ZHDWKHU SUHGLFWLRQV ZLQG VSHHG LV IRXQG WR EH WKH GRPLQDQW IDFWRU
DIIHFWLQJWKHGLVWULEXWLRQVRIWKH3,7KLVWRJUDPVRI'/5IRUHFDVWV7KHFRUUHODWLRQV
LQ3,7YDOXHVEHWZHHQ'/5IRUHFDVWVIRUWKHWZRVSDQVDQGZLQGVSHHGIRUHFDVWVDW
WKH ORFDOZHDWKHUVWDWLRQVDUH  ?Ǥ ? ? DQG  ?Ǥ ? ? UHVSHFWLYHO\7KH3,7KLVWRJUDPVRI
SUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVIRUVWHSPLQXWHVDKHDGDUHVLPLODUWR
WKH3,7KLVWRJUDPVIRUVWHSVKDOIKRXUDKHDGGHULYHGIURPWKHVDPHPRGHOV7KH
FRQFOXVLRQVREWDLQHGIURPWKHKLVWRJUDPVIRUVWHSVDKHDGFDQDOVREHVXPPDULVHG
IURPWKHKLVWRJUDPVIRUVWHSDKHDG 
5.2.2. $FFXUDF\RI'/5IRUHFDVWVIRUDVLQJOHVSDQ 
,QVSLWHRIWKHH[WUDFXUUHQW-FDUU\LQJFDSDFLW\UHOHDVHGE\'/5VEHLQJVHYHUDOWLPHV
KLJKHUWKDQWKH6/5VIRUPRVWRIWKHWLPHDVVKRZQLQ)LJV-DQG-LQSUDFWLFDO
DSSOLFDWLRQ WKH XSJUDGLQJ RI UDWLQJV ZLOO XVXDOO\ EH OLPLWHG WR OHYHOV DURXQG 
DERYH WKH 6/5V WR SUHYHQW WKH SURWHFWLRQ VFKHPH WULSSLQJ DQG WR UHIOHFW WKH
FRQVWUDLQWVRIRWKHUFLUFXLWHTXLSPHQW>@$OWKRXJKWKHHVWLPDWHGORZHU'/5
SHUFHQWLOHVZHUHIRXQGWRH[FHHGWKHXSUDWLQJOLPLWLQVRPHFDVHVWKHZHDWKHU-EDVHG
PRGHOGHYHORSHGKHUHLVQHFHVVDU\IRUWKHFDVHVZKHUHWKHSHUFHQWLOHVDGRSWHGIURP
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SUREDELOLVWLF '/5 IRUHFDVWV DUH EHORZ  RI 6/5V 7KH DFFXUDFLHV URRW PHDQ
VTXDUHHUURU506(RI '/5IRUHFDVWVHVWLPDWHGE\ WKH&+-,PRGHOV IRU WKH WKUHH
OHYHOVRIOHVVWKDQ6/5-6/5DQGDERYH6/5DUHHVWLPDWHG
UHVSHFWLYHO\ DV WDEXODWHG LQ7DEOH- ,WPD\EHQRWHG WKDW WKHDFFXUDFLHVRISRLQW
IRUHFDVWV RI VWHDG\-VWDWH '/5V FDOFXODWHG IURP WKH FRUUHODWHG DQG LQGHSHQGHQW
UDQGRPZHDWKHUVDPSOHVDUHTXLWHVLPLODU 
7DEOH-506(ܣRIVWHDG\-VWDWH'/5IRUHFDVWVHVWLPDWHGE\WKH&+-,PRGHOVIRUWKHWKUHHOHYHOV
RILPSURYHPHQWRI6/5DQGWKHLULPSURYHPHQWRYHUSHUVLVWHQFH 
Span CQ34-CQ35 AC102-AC101B 
Step(s) ahead 1 3 1 3 
Total 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ?Ǥ ? ? ?  ? ?Ǥ ? ? ? ൑100% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ? N/A N/A 
Improve. െ ?Ǥ ? ? ? െ ?Ǥ ? ? ? N/A N/A 
100-125% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? െ ?Ǥ ? ? ? െ ?Ǥ ? ? ? 
>125% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? 
2QO\RQHUDWLQJREVHUYDWLRQZDVIRXQGEHORZ6/5IRU$&-$&% 
7KH &+-, PRGHO EDVHG '/5 SUHGLFWLRQV DUH VKRZQ WR EH VLJQLILFDQWO\ EHWWHU WKDQ
SHUVLVWHQFH )RU WKH NH\ OHYHO RI - 6/5 WKH &+-, PRGHOV SHUIRUP PXFK
EHWWHUIRU&4-&4EXWZRUVHIRU$&-$&%WKDQSHUVLVWHQFH7KDWLVWKH
&+-, IRUHFDVWLQJ PRGHOV SHUIRUP ZRUVH IRU ERWK VSDQV DW WKH OHYHOV RI WKHLU
UHVSHFWLYH ORZHU UDWLQJV WKH OHYHOV EHORZ 6/5 IRU &4-&4 DQG RI -
6/5IRU$&-$&%,WLVIRXQGWKDWZLQGVSHHGREVHUYDWLRQVFRUUHVSRQGLQJWR
ORZHU UDWLQJ OHYHOV DUH PDLQO\ ZLWKLQ WKH UDQJHV RI VPDOOHU YDOXHV ZKHUH WKH
LPSURYHPHQW LQ 506( RYHU SHUVLVWHQFH IRU WKH $5-&+ IRUHFDVWLQJ PRGHOV LV
TXLWH VPDOO LH  DW &4-&4 DQG  DW $&-$&% 7KH
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GLVWULEXWLRQVRIHUURUVRI'/5IRUHFDVWVIRUVWHSVDKHDGDWWKHOHYHOEHORZWKH6/5
DQG WKHGLVWULEXWLRQVRI FRUUHVSRQGLQJZLQG VSHHGDQGZLQGGLUHFWLRQREVHUYDWLRQV
DQGWKHLU-VWHS-DKHDGIRUHFDVWVIRU&4-&4DUHFRPSDUHGLQ)LJ- 
 
)LJ-'LVWULEXWLRQVRIHUURUVRI-VWHS-DKHDGVWHDG\-VWDWH'/5IRUHFDVWVWKHZLQGVSHHGDQGZLQG
GLUHFWLRQ REVHUYDWLRQV DQG WKHLU -VWHS-DKHDG IRUHFDVWV FRUUHVSRQGLQJ WR WKH UDWLQJ OHYHO EHORZ WKH
6/5IRU&4-&4 
)LJ - UHYHDOV WKDW WKH '/5V SUHGLFWHG E\ WKH &+-, PRGHOV DUH XVXDOO\
RYHUHVWLPDWHGDWWKHORZUDWLQJOHYHOV6/5GXHWRWKHZLQGVSHHGIRUHFDVWVEHLQJ
VLJQLILFDQWO\ RYHUHVWLPDWHG E\ WKH $5-&+ PRGHOV ,W LV LQWHUHVWLQJ WKDW D
VLJQLILFDQWSURSRUWLRQRIWKH'/5SHUVLVWHQFHIRUHFDVWHUURUVDUHFRQFHQWUDWHGDURXQG
]HURZKLFKPLJKWEHGXHWRWKHSUHGLFWHGDQGREVHUYHGZLQGVSHHGVKDYLQJYHU\ORZ
YDOXHV ൑  ?Ǥ ?݉Ȁݏ 7KLV ZLOO OHDG WR VPDOO GLIIHUHQFHV EHWZHHQ WKH SUHGLFWHG DQG
REVHUYHG'/5VHVSHFLDOO\ZKHQZLQGGLUHFWLRQVDUHQHDUO\SDUDOOHOWRWKHRYHUKHDG
VSDQZKLFKPLWLJDWHVZLQGFRROLQJ7KHH[SHULPHQWDOUHVXOWVLQGLFDWHWKDWDWWKLVORZ
UDWLQJOHYHOWKHSHUVLVWHQFHIRUHFDVWVDQGREVHUYDWLRQVRIZLQGVSHHGDUHERWKXQGHU ?Ǥ ?݉Ȁݏ IRURIWKHWLPHDQGERWKXQGHU  ?Ǥ ?݉Ȁݏ IRURIWKHWLPHZKLOH
IRU WKH$5-&+PRGHO WKHFRUUHVSRQGLQJSHUFHQWDJHVRIWLPHDUHRQO\DQG
 UHVSHFWLYHO\7KH $5-&+ PRGHO¶V RYHUHVWLPDWLRQ DW ORZHU YDOXHV RI ZLQG
VSHHGFDQDOVRH[SODLQWKHXQVDWLVIDFWRU\SHUIRUPDQFHRIWKH&+-,PRGHODWWKHOHYHO
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RI - 6/5 IRU $&-$&% 7KHUHIRUH WKH ORZHU SHUFHQWLOHV RI '/5
IRUHFDVWVGHULYHGIURPWKH&+-,PRGHOVKRXOGEHDSSOLHGVRDV WRDYRLG WKHULVNRI
XVLQJWKHRYHUHVWLPDWHGSRLQWSUHGLFWLRQVRIVWHDG\-VWDWH'/5VIRUDSDUWLFXODUVSDQ 
7KHDYHUDJHDGGLWLRQDOFDSDFLWLHV$$&DERYH6/5LQUHOHDVHGE\WKH&+-,VW
UGDQGWKSHUFHQWLOHVIRUVWHSVPLQXWHVDKHDGDQGWKHSHUFHQWDJHRIWLPHWKDW
WKHVHSHUFHQWLOHVDUHDERYH6/5DUHOLVWHGLQ7DEOH-7KHH[WUDWKHUPDOKHDGURRP
ZKLFKFDQEHH[SORLWHGE\ORZHUSHUFHQWLOHVIRU$&-$&%LVPXFKKLJKHUWKDQ
WKDWIRU&4-&4)XUWKHUPRUHWKHORZHUUDWLQJSHUFHQWLOHVIRU$&-$&%
DUHXVXDOO\JUHDWHUWKDQLWV6/5V,WLVIRXQGWKDWWKH6/5VXVHGIRU$&-$&%
LH  ? ? ?ܣ IRU ZLQWHU DQG  ? ? ?ܣ  IRU VSULQJ >@ DUH VPDOOHU WKDQ WKRVH LH ? ? ?Ǥ ?ܣ DQG  ? ? ?Ǥ ?ܣWKDWDUHFDOFXODWHGE\WKHWKHUPDOPRGHORIWKHFRQGXFWRUV>@
EDVHGRQWKHµZRUVW-FDVH¶ZHDWKHUDVVXPSWLRQVIRU WKH6/5HVWLPDWLRQZLQGVSHHG
RI  ?Ǥ ? ݉ ݏ ? ZLQGDWWDFNDQJOHRI  ? ?Ǥ ?௢]HURVRODUUDGLDWLRQDQGDLUWHPSHUDWXUHVRI ?Ԩ DQG  ?Ԩ IRU ZLQWHU DQG VSULQJ UHVSHFWLYHO\ >@ 7KLV PD\ EH EHFDXVH WKH
HPLVVLYLW\UDQJLQJIURPWRRIWKHµ3RSODU¶FRQGXFWRUVWXGLHGKHUHZDVHVWLPDWHG
WR EH  IRU $&-$&% DIWHU D IHZ \HDUV¶ VHUYLFH ZKLFK LQFUHDVHG WKH
UDGLDWLRQKHDWORVVUDWHDQGWKH6/5V,IWKH6/5VRI$&-$&%ZHUHUHSODFHG
E\  ? ? ?Ǥ ?ܣ DQG  ? ? ?Ǥ ?ܣ IRUZLQWHUDQGVSULQJUHVSHFWLYHO\WKH&+-,VWUGDQGWK
SHUFHQWLOHVRI'/5IRUHFDVWV IRUKDOIKRXUDKHDGZRXOGEHKLJKHU WKDQ WKHXSGDWHG
6/5VLQDQGRIFDVHV 
7DEOH - 7KH DYHUDJH DGGLWLRQDO FDSDFLWLHV $$& DERYH 6/5  IRU &+-, VW UG DQG WK
SHUFHQWLOHVIRUVWHSVDKHDGDQGWKHSHUFHQWDJHVRIWLPHIRUWKHSHUFHQWLOHVDERYH6/5 
 1st Percentiles 3rd Percentiles 5th Percentiles 
% above SLRs AAC Time AAC Time AAC Time 
CQ34-CQ35  ?Ǥ ? ?  ? ?Ǥ ? ?  ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ? 
AC102-AC101B  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ?  ? ?Ǥ ? ? 
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5.2.3. (IIHFWLYHQHVVRIXVLQJORZHUSHUFHQWLOHVIRUDVLQJOHVSDQ 
,QRUGHUWRKDYHFOHDUOLPLWVWRV\VWHPRSHUDWLRQWKDWLQWXUQGULYHGHFLVLYHDFWLRQD
V\VWHPRSHUDWRU LV OLNHO\ WR VHW DSROLF\ LQZKLFKDSDUWLFXODU SHUFHQWLOH LV DGRSWHG
IURP D SUREDELOLVWLF IRUHFDVW DQG UHJDUGHG DV 7KH /LPLW 7KLV LV FRQVLVWHQW ZLWK
FXUUHQWSUDFWLFHLQ%ULWDLQLQZKLFKVWDWLFOLQHUDWLQJV6/5VDUHFDOFXODWHGEDVHGRQ
DFHUWDLQVPDOOSUREDELOLW\RIWKHDFWXDOUDWLQJEHLQJJUHDWHUWKDQWKHTXRWHG6/5>@
2QHUHDVRQDEOHSROLF\WKDWPLJKWEHDGRSWHGZRXOGEHWRHQVXUHWKDWWKHORDGLQJRQD
OLQHQHYHUH[FHHGV WKHWKSHUFHQWLOH 3YDOXH IURPWKHSUREDELOLVWLF IRUHFDVW7KH
HIIHFWLYHQHVV RI DQ\ SROLF\ VKRXOG EH FKHFNHG )LJ - VKRZV WKH GLIIHUHQFHV
EHWZHHQWKH-VWHS-DKHDG3IRUHFDVWDQGWKHDFWXDOUDWLQJZKHQWKHWLPHFRPHV ,I
WKHSUREDELOLVWLFIRUHFDVWLQJZRUNVZHOOWKHQRQDYHUDJHWKHDFWXDOUDWLQJVKRXOGEH
OHVVWKDQWKH3IRUHFDVWLQQRPRUHWKDQRIFDVHV 
 
)LJ-7KHGLVWULEXWLRQVRIGLIIHUHQFHVEHWZHHQ WKHWKSHUFHQWLOH 3 IRUHFDVWV IRUVWHSVDKHDG
DQGWKHLUFRUUHVSRQGLQJDFWXDOUDWLQJVDQGWKHSURSRUWLRQRISRVLWLYHGLIIHUHQFHVIRUFDVHVDZKHQ3
IRUHFDVWLVOHVVWKDQRI6/5DQGEZKHQLWLVJUHDWHUWKDQRUHTXDOWRRI6/5 
$V QRWHG DERYH YDULRXV SUDFWLFDO LVVXHV ZLOO SUHYHQW PRUH WKDQ D FHUWDLQ XSUDWLQJ
UHODWLYH WR WKH 6/5 HJ  $V D FRQVHTXHQFH )LJ - VKRZV WZR VHWV RI WZR
UHVXOWV IRU WZRGLIIHUHQW RYHUKHDG VSDQV IRUDQGFDVHV LQZKLFK WKH3
IRUHFDVW ZDV OHVV WKDQ  RI 6/5 DQG  DQG  FDVHV LQ ZKLFK LW ZDV
JUHDWHU WKDQRU HTXDO WR )RU&4-&4 WKH WHVW VHW VKRZHGRI WKH
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IRUPHUFDVHVLQZKLFKWKHDFWXDOUDWLQJZDVOHVVWKDQWKH3YDOXHDQGRIWKH
ODWWHU)RU$&-$&%WKHDFWXDOUDWLQJZDVOHVVWKDQWKH3IRUHFDVWLQ
RI FDVHV ZKHQ WKH 3 IRUHFDVW UDWLQJ ZDV OHVV WKDQ  RI 6/5 DQG 
RWKHUZLVH$OWKRXJKWKHVHVHHPUHDVRQDEOHUHVXOWV WKHWHVWVHWFRQWDLQVDQH[DPSOH
RIDTXLWHODUJHSRVLWLYHGLIIHUHQFHEHWZHHQWKH3IRUHFDVW ? ? ? ?Ǥ ?ܣDQGWKHDFWXDO
YDOXH  ? ? ?Ǥ ?ܣ RQ $&-$&%  ? ? ?Ǥ ?ܣ FRPSDUHG ZLWK WKH UHOHYDQW VHDVRQDO
6/5RI  ? ? ?ܣ7KLVRFFXUUHGDIWHUDSHULRGRIKRXUVLQZKLFKWKHZLQGVSHHGKDG
EHHQJUHDWHUWKDQ  ?݉Ȁݏ ZKLFKOHGWRDIRUHFDVWZLQGVSHHGRI  ?Ǥ ? ?݉ Ȁݏ EXWZKHUH
LWWXUQHGRXWDFWXDOO\WREH  ?Ǥ ? ?݉ Ȁݏ,QDGGLWLRQDWWKDWPRPHQWWKHZLQGEOHZDW ? ?Ǥ ? ?௢ WR WKHVSDQZKHUHDVLWKDGSUHYLRXVO\EHHQSHUSHQGLFXODUWR LW OHDGLQJ WRD
IRUHFDVWDQJOHRI LQFLGHQFHHTXDO WR  ? ?Ǥ ? ?௢7KHFRQYHFWLRQKHDW ORVV UDWHSHUXQLW
OHQJWKHVWLPDWHGIURPWKHDFWXDOZHDWKHUGDWDZDVDURXQG  ? ?Ǥ ? ?ܹ ݉ ?  ZKLOHLWZDV
IRUHFDVW WREHDERXW  ? ? ?Ǥ ? ?ܹ ݉ ? +RZHYHUUHJDUGOHVVRIKRZPXFKDERYH
WKH 3 IRUHFDVW ZDV LI WKH V\VWHP RSHUDWRU OLPLWHG ORDGLQJ RQ WKH OLQH WR QR PRUH
WKDQVXFKDOLPLWZRXOGKDYHSURYHGWREHWRRKLJKUHODWLYHWRWKHDFWXDOUDWLQJ
LQ RQO\  DQG  RI FDVHV IRU WKH GLIIHUHQW VSDQV DQG WKH H[WUHPH FDVH QRWHG
ZRXOGKDYHSUHVHQWHGQRSUREOHP0RUHRYHU LW FDQEHVHHQ IURP)LJ- WKDW WKH
VWDQGDUGGHYLDWLRQRIGLIIHUHQFHVLVKLJKHUIRUFDVHVIRUHFDVWLQJDVPDOOXSUDWLQJWKDQ
IRU WKRVH WKDW IRUHFDVW D KLJKHU XSUDWLQJ 7KLV FDQ EH H[SODLQHG E\ WKH SUHFLVH
XSUDWLQJ EHLQJ PRUH VHQVLWLYH WR WKH H[DFW ZLQG VSHHG DW ORZ VSHHGV WKDQ DW KLJK
ZLQGVSHHGV 
5.3. 3UREDELOLVWLF'/5)RUHFDVWLQJIRUD&RPSOHWH2+/ 
7KHZHDWKHU-EDVHG'/5PRGHOGHYHORSHGIRUDVLQJOHVSDQLVH[WHQGHGWRHVWLPDWH
SUREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH '/5V IRU DQ HQWLUH RYHUKHDG OLQH 2+/ E\
XVLQJ WKH VSDWLDO LQWHUSRODWLRQ PRGHOV UHILQHG LQ &KDSWHU  WR LQIHU WKH SRVVLEOH
ZHDWKHUFRQGLWLRQVIRUHDFKVSDQZLWKLQWKHOLQHIURPWKHLQGHSHQGHQWDQGFRUUHODWHG
ZHDWKHU IRUHFDVWV UDQGRPO\ VDPSOHG IURP WKH FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+
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GLVWULEXWLRQV RI WKH PHDVXUHG ZHDWKHU YDULDEOHV 7KH PLQLPXP YDOXH RI '/5
IRUHFDVWVIRUDOOVSDQVFDOFXODWHGIURPWKHLQIHUUHGZHDWKHUVDPSOHVLVDSSOLHGWRWKH
ZKROH 2+/ LQ HDFK RI WKH JHQHUDWHG  ? ?ସ VFHQDULRV 7KH FXPXODWLYH GLVWULEXWLRQ
IXQFWLRQH[WUDFWHGIURPWKH  ? ?ସ VDPSOHGYDOXHVRIVWHDG\-VWDWH'/5IRUHFDVWVDWD
SDUWLFXODU IXWXUH WLPH LV WKHQ VPRRWKHG E\ NHUQHO GHQVLW\ HVWLPDWLRQ >@ WR
GHWHUPLQH SUHGLFWLYH '/5 SHUFHQWLOHV IRU WKH HQWLUH 2+/ 7KH SUREDELOLW\ RI HDFK
VSDQZLWKLQDQ2+/EHLQJ WKHFULWLFDOVSDQDWDSDUWLFXODU IXWXUH WLPH LVGHILQHGDV
WKHIUHTXHQF\RIWKHVSDQKDYLQJWKHPLQLPXPYDOXHRI'/5IRUHFDVWVDWDOOVSDQVLQ
WKH  ? ?ସ VFHQDULRV$VZDVQRWHGLQ6HFWLRQUDQGRPVDPSOHVRIDLUWHPSHUDWXUH
DQGZLQGVSHHGDUHRQO\SDLUHGIRUWKHHVWLPDWLRQRISUREDELOLVWLF'/5IRUHFDVWVIRU
DQ HQWLUH 2+/ VLQFH WKH UDQN FRUUHODWLRQ PDWUL[ FDOFXODWHG IURP UHFHQW ZHDWKHU
REVHUYDWLRQV DW GLIIHUHQW ZHDWKHU VWDWLRQV PD\ QRW EH SRVLWLYH GHILQLWH ZKHQ
DGGLWLRQDOO\LQFOXGLQJZLQGGLUHFWLRQVDPSOHV 
,QWKLVVHFWLRQWKHFDOLEUDWLRQRISUREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVIRUDQ2+/
HVWLPDWHG E\ GLIIHUHQW DSSURDFKHV LV DVVHVVHG VR DV WR GHWHUPLQH D FRQVHUYDWLYH
DSSURDFKWRSURGXFLQJORZHUSHUFHQWLOHVRI'/5IRUHFDVWV7KHIRUHFDVWDFFXUDFLHVRI
VWHDG\-VWDWH'/5VDQGFULWLFDOVSDQVIRUDQ2+/HVWLPDWHGE\WKHDGRSWHGDSSURDFK
DUHWKHQH[DPLQHGIRUHDFKRIWKHHLJKWN92+/VLQWKHUHVHDUFKDUHD 
5.3.1. &DOLEUDWLRQRISUREDELOLVWLF'/5IRUHFDVWVIRUDQRYHUKHDGOLQH 
'HWDLOV RI HLJKW N9 RYHUKHDG FLUFXLWV LQ 1RUWK :DOHV EHWZHHQ 3HQWLU DQG
&RQQDK¶V4XD\FRYHULQJWKHQXPEHURIVSDQVFLUFXLWOHQJWK݇݉FRQGXFWRUW\SHV
DQGDYHUDJHHOHYDWLRQV݉DERYHVHDOHYHODUHSURYLGHGLQ7DEOH->@6LQFHWKH
DPSDFLW\RIDOLQHLVOLPLWHGE\WKHVSDQWKDWKDVWKHORZHVWUDWLQJVWDWLFOLQHUDWLQJV
6/5VRIDQ2+/FRPSULVLQJWZRFRQGXFWRUW\SHVDUHGHWHUPLQHGDVWKRVHIRU WKH
µ/\Q[¶ $&65 FRQGXFWRU 7KHUHIRUH WKH FLUFXLW IURP .LQPHO %D\ 7HH % WR 6W
$VDSK%KDVWKH6/5VRI  ? ? ?ܣ LQZLQWHUDQG  ? ? ?ܣ LQVSULQJZKLOHDOOWKHRWKHU
FLUFXLWVKDYHWKH6/5VRI  ? ? ?ܣ LQZLQWHUDQG  ? ? ?ܣ LQVSULQJ 
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7DEOH-'HWDLOVRIHLJKWN9RYHUKHDGFLUFXLWVLQ1RUWK:DOHV>@ 
&LUFXLW
1R &LUFXLW 
1RRI
6SDQV 
7RWDO
/HQJWK
݇݉ &RQGXFWRU7\SHV 
0D[0LQ
(OHYDWLRQ
݉ 
$YHUDJH
(OHYDWLRQ
݉ 
& 3HQWLU%WR&ROZ\Q%D\%  ? ? ?  ? ?Ǥ ?  ?Ǥ ?݇ ݉ 3RSODU ? ?Ǥ ?݇ ݉ /\Q[  ? ? ?Ȁ ?  ? ? ? 
& &ROZ\Q%D\%WR.LQPHO%D\7HH%  ? ?  ? ?Ǥ ?  ? ?Ǥ ?݇ ݉ /\Q[ ?Ǥ ?݇ ݉ 3RSODU  ? ? ?Ȁ ?  ? ? ? 
& .LQPHO%D\7HH%WR6W$VDSK%  ? ?  ?Ǥ ? 3RSODU  ? ? ?Ȁ ? ?  ? ? ? 
& 3HQWLU%WR'ROJDUURJ%  ? ?  ? ?Ǥ ?  ? ?Ǥ ?݇ ݉ /\Q[ ?Ǥ ?݇ ݉ 3RSODU  ? ? ?Ȁ ? ?  ? ? 
& 'ROJDUURJ%WR 6W$VDSK%  ? ?  ? ?Ǥ ?  ?Ǥ ?݇ ݉ 3RSODU ? ?Ǥ ?݇ ݉ /\Q[  ? ? ?Ȁ ?  ? ? ? 
& 6W$VDSK%WR+RO\ZHOO%  ? ?  ? ?Ǥ ? /\Q[  ? ? ?Ȁ ? ?  ? ? ? 
& +RO\ZHOO%WR&RQQDK¶V4XD\%  ? ?  ? ?Ǥ ? /\Q[  ? ? ?Ȁ ? ?  ? ? ? 
& 6W$VDSK%WR&RQQDK¶V4XD\%  ? ?  ? ?Ǥ ? /\Q[  ? ? ?Ȁ ? ?  ? ? ? 
)LJ - VKRZV WKH UDWLRV RI WK ± WK SHUFHQWLOHV WK ± WK SHUFHQWLOHV SRLQW
IRUHFDVWV RI VWHDG\-VWDWH '/5V PRGHOOHG E\ WKH &+ PRGHOV EDVHG RQ FRUUHODWHG
ZHDWKHUVDPSOHVIRUVWHSVKDOIKRXUDKHDGDQGZHDWKHUREVHUYDWLRQEDVHG'/5V
WR WKH 6/5V RQ  IRU WKH RYHUKHDG FLUFXLW & IURP &ROZ\Q %D\ % WR
.LQPHO%D\7HH%DQGWKHFLUFXLW&IURP.LQPHO%D\7HH%WR6W$VDSK%
7KH3,7KLVWRJUDPVRISUREDELOLVWLF-VWHS-DKHDG'/5IRUHFDVWVJHQHUDWHGE\WKH&+
PRGHOVEDVHGRQFRUUHODWHG&+-&DQGLQGHSHQGHQW&+-,ZHDWKHUVDPSOHVIRUWKH
GLIIHUHQWN92+/VDUHSORWWHGLQ)LJV-DQG- 
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)LJ-3UREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWV IRUVWHSVDKHDGRQIRUWKHFLUFXLW&
IURP&ROZ\Q%D\%WR.LQPHO%D\7HH%DQG&IURP.LQPHO%D\7HH%WR6W$VDSK% 
 
)LJ-3,7KLVWRJUDPVRISUREDELOLVWLF-VWHS-DKHDGVWHDG\-VWDWH'/5IRUHFDVWVIRU2+/V&±& 
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)LJ-3,7KLVWRJUDPVRISUREDELOLVWLF-VWHS-DKHDGVWHDG\-VWDWH'/5IRUHFDVWVIRU2+/V&±& 
7KH UHODWLYH IUHTXHQFLHV DW ERWK HQGV RI WKH &+-, 3,7 KLVWRJUDPV DUH KLJKHU WKDQ
WKRVHRIWKH&+-&3,7KLVWRJUDPVHVSHFLDOO\IRURYHUKHDGFLUFXLWV&±&PHDQLQJ
WKDWWKHGLVWULEXWLRQVRI'/5IRUHFDVWVGHULYHGIURPWKHLQGHSHQGHQWUDQGRPZHDWKHU
VDPSOHVDUHRQDYHUDJHOHVVGLVSHUVLYH,QRWKHUZRUGVWKH&+-,ORZHUSHUFHQWLOHVRI
'/5 IRUHFDVWV DUH RYHUHVWLPDWHG ZKLOH WKH KLJKHU SHUFHQWLOH IRUHFDVWV DUH
XQGHUHVWLPDWHG IRU PRVW RI WKH WLPH 7KH VLJQLILFDQW GHYLDWLRQV IURP WKH LGHDO
UHODWLYHIUHTXHQF\RI  ?Ǥ ? ? DWERWKHQGVRIWKH&+-,3,7KLVWRJUDPVDUHPLWLJDWHGLQ
WKH&+-&3,7KLVWRJUDPV7KLVPLJKWEHGXHWRWKHSRVLWLYHFRUUHODWLRQVEHWZHHQWKH
SDLUHGUDQGRPVDPSOHVRIWKHVDPHZHDWKHUSDUDPHWHUVDWGLIIHUHQWZHDWKHUVWDWLRQV
DVVKRZQLQ)LJ- 
$VQRWHGLQ6HFWLRQZLQGVSHHGLVWKHGRPLQDQWIDFWRUDIIHFWLQJWKHUDWLQJRI
DQRYHUKHDGFRQGXFWRU7KHYDOXHVRIWKHSDLUHGFRUUHODWHGZLQGVSHHGVDPSOHVDW
GLIIHUHQWZHDWKHUVWDWLRQVLQHDFKRIWKH  ? ?ସ VFHQDULRVZLOOEHDW WKHVLPLODU OHYHOV
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ZLWKUHVSHFWWRWKHLUUHVSHFWLYHUDQJHVRI  ? ?ସ VDPSOHGYDOXHVGXHWRWKHVLJQLILFDQW
SRVLWLYHFRUUHODWLRQVDPRQJWKHP7KDWLVWKHZLQGVSHHGVDPSOHIURPDµORZ¶YDOXH
DWDVWDWLRQLVXVXDOO\DFFRPSDQLHGE\µORZ¶ZLQGVSHHGVDPSOHVDWWKHRWKHUVWDWLRQV
LQ DSDUWLFXODU VFHQDULR 7KHUHIRUH WKHSRVVLEOH ZLQG VSHHGV DW DOO VSDQVZLWKLQ DQ
2+/ LQIHUUHG IURP WKHSDLUHGVDPSOHVRI µORZ¶ZLQGVSHHGVDW VWDWLRQVDUHDW WKHLU
UHVSHFWLYHµORZ¶OHYHOVDVZHOOZKLFKOHDGVWRDµORZ¶UDWLQJVDPSOHDSSOLHGWRHDFK
2+/:KHQXVLQJWKHLQGHSHQGHQWZHDWKHULQSXWVDOOWKHVWDWLRQVKDYLQJµORZ¶ZLQG
VSHHG VDPSOHV LQ D SDUWLFXODU VFHQDULR ZRXOG UDUHO\ KDSSHQ $ VSDQ KDYLQJ D ORZ
ZLQG VSHHG VDPSOH PD\ QRW EH WKH FULWLFDO VSDQ GXH WR WKH IDFW WKDW WKH FRQGXFWRU
UDWLQJLVDOVRGHWHUPLQHGE\RWKHUZHDWKHUSDUDPHWHUV)RUH[DPSOHDSDUWLFXODUVSDQ
WKDW KDV D UHODWLYHO\ KLJK ZLQG VSHHG VDPSOH EORZLQJ SDUDOOHO WR WKH VSDQ RU
DFFRPSDQLHGE\DKLJKDLU WHPSHUDWXUHVDPSOHPD\EH WKHFULWLFDOVSDQ7KHUHIRUH
WKH ORZHU SHUFHQWLOHV RI '/5 IRUHFDVWV GHULYHG IURP WKH FRUUHODWHG ZLQG VSHHG
VDPSOHVIRUDQHQWLUH2+/DUHJHQHUDOO\VPDOOHU WKDQWKRVHWKDWDUHHVWLPDWHGIURP
WKH LQGHSHQGHQW VDPSOHV 6LPLODUO\ WKH KLJKHU '/5 SHUFHQWLOHV JHQHUDWHG E\ WKH
&+-&PRGHOVDUHJHQHUDOO\JUHDWHUWKDQWKRVHIRUWKH&+-,PRGHOV 
7KHLQIOXHQFHRISRVLWLYHFRUUHODWLRQVEHWZHHQWKHSDLUHGDLUWHPSHUDWXUHVDPSOHVDW
GLIIHUHQW VWDWLRQV RQ WKH FRQFHQWUDWLRQ RI SUHGLFWLYH GLVWULEXWLRQV RI '/5V IRU DQ
2+/FDQEHH[SODLQHGLQDVLPLODUZD\'XHWRWKHLUVLJQLILFDQWSRVLWLYHFRUUHODWLRQV
WKH SDLUHG VDPSOHV RI DLU WHPSHUDWXUH WKDW DUH DW µKLJK¶ OHYHOV ZLWK UHVSHFW WR WKHLU
UHVSHFWLYH GLVWULEXWLRQV LQ D SDUWLFXODU VFHQDULR ZRXOG OHDG WR HDFK VSDQ ZLWKLQ DQ
2+/KDYLQJDµKLJK¶DLUWHPSHUDWXUHVDPSOH7KLVHQVXUHVWKDWWKHPLQLPXPRI'/5
IRUHFDVWVDPRQJDOOVSDQVLVDWDµORZ¶OHYHOLQWKDWSDUWLFXODUVFHQDULR7KHUHIRUHWKH
ORZHU SHUFHQWLOHV RI '/5 IRUHFDVWV FDOFXODWHG IURP WKH FRUUHODWHG DLU WHPSHUDWXUH
VDPSOHV DUH VPDOOHU WKDQ WKRVH IRU WKH LQGHSHQGHQW VDPSOHV+RZHYHU WKHSRVLWLYH
FRUUHODWLRQV DPRQJ DLU WHPSHUDWXUH VDPSOHV DW GLIIHUHQW VWDWLRQV PD\ KDYH D OHVV
VLJQLILFDQW LPSDFW RQ WKH GLVSHUVLRQ RI SUHGLFWLYH GLVWULEXWLRQV RI '/5V WKDQ WKDW
DPRQJ ZLQG VSHHG VDPSOHV GXH WR WKH UHODWLYHO\ KLJK DFFXUDF\ RI DLU WHPSHUDWXUH
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SUHGLFWLRQ ,W FDQ EH FRQFOXGHG WKDW WKH SRVLWLYH FRUUHODWLRQV EHWZHHQ WKH SDLUHG
UDQGRPZHDWKHUVDPSOHVRIWKHVDPHSDUDPHWHUVLHDLUWHPSHUDWXUHDQGZLQGVSHHG
DWGLIIHUHQW VWDWLRQVKHOSPLWLJDWH WKHRYHUHVWLPDWLRQRI ORZHU'/5SHUFHQWLOHV WKDW
DUHGHULYHGIURPLQGHSHQGHQWZHDWKHUVDPSOHVIRUDQ2+/ 
5.3.2. $FFXUDF\RI'/5IRUHFDVWVIRUDQRYHUKHDGOLQH 
7KHSRLQWIRUHFDVWVRIVWHDG\-VWDWH'/5VIRUXSWRVWHSVKDOIKRXUDKHDGSURGXFHG
E\ WKH &+-& IRUHFDVWLQJ PRGHOV DUH FRPSDUHG ZLWK SHUVLVWHQFH IRUHFDVWV LQ URRW
PHDQVTXDUHHUURUV506(VIRUHDFKRYHUKHDGFLUFXLWDVVKRZQLQ)LJ-ZKLFK
GHPRQVWUDWHV WKDW WKH &+-& IRUHFDVWLQJ PRGHOV JLYH D VLJQLILFDQW LPSURYHPHQW LQ
506(RYHUSHUVLVWHQFHIRUDOO2+/V 
 
)LJ-,PSURYHPHQWVRYHUSHUVLVWHQFHLQ506(RISRLQWIRUHFDVWVRIVWHDG\-VWDWH'/5VIRUXSWR
VWHSVDKHDGIRUWKH&+-&IRUHFDVWLQJPRGHOVIRUHDFK2+/ 
7KHDFFXUDFLHV506(RI'/5IRUHFDVWVHVWLPDWHGE\WKH&+-&PRGHOVIRUWKHILYH
OHYHOV RI OHVV WKDQ  6/5 - 6/5 - 6/5 - 6/5 DQG
DERYH6/5DUHFDOFXODWHGUHVSHFWLYHO\IRUHDFKFLUFXLWDVWDEXODWHGLQ7DEOHV
- DQG - 7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH &+-& IRUHFDVWLQJ PRGHOV
SHUIRUPVLPLODUO\ WRRUHYHQZRUVH WKDQSHUVLVWHQFHIRUHFDVWLQJIRUPRVWFLUFXLWVDW
WKHOHYHOVRIWKHLUUHVSHFWLYHORZUDWLQJVWKHOHYHOVRI-6/5IRUFLUFXLW&
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DQGEHORZ6/5IRUWKHRWKHUFLUFXLWV,WLVIRXQGWKDWWKH'/5SRLQWSUHGLFWLRQV
DUHXVXDOO\ RYHUHVWLPDWHGE\ WKH&+-& IRUHFDVWLQJPRGHOV DW WKH ORZ UDWLQJ OHYHOV
GXH WR WKHRYHUHVWLPDWLRQRIFRUUHVSRQGLQJZLQGVSHHG IRUHFDVWVE\ WKH$5-&+
IRUHFDVWLQJ PRGHOV )LJV - DQG - VKRZ WKH GLVWULEXWLRQV RI HUURUV RI
-VWHS-DKHDG'/5IRUHFDVWVDW WKH ORZUDWLQJ OHYHOV IRUFLUFXLWV&DQG&DQG WKH
GLVWULEXWLRQV RI FRUUHVSRQGLQJ ZLQG VSHHG REVHUYDWLRQV DQG WKHLU -VWHS-DKHDG
IRUHFDVWVDWWKHPRVWLQIOXHQWLDOZHDWKHUVWDWLRQVVWDWLRQVDQGIRU&DQGVWDWLRQV
 DQG  IRU & UHVSHFWLYHO\ 7KHUHIRUH WKH ORZHU SHUFHQWLOHV RI '/5 IRUHFDVWV
VKRXOGEHDSSOLHGIRUDQHQWLUH2+/VRDVWRDYRLGWKHULVNRIXVLQJWKHRYHUHVWLPDWHG
SRLQWIRUHFDVWVRIVWHDG\-VWDWH'/5V 
7DEOH - 506(V ܣ RI -VWHS-DKHDG '/5 IRUHFDVWV IRU &+-& PRGHOV IRU WKH ILYH OHYHOV RI
LPSURYHPHQWRI6/5DQGWKHLULPSURYHPHQWRYHUSHUVLVWHQFHIRUFLUFXLWV&±& 
Circuit C1 C2 C3 C4 
Total 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? ൑90% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ? N/A  ? ?Ǥ ? 
Improve.  ?Ǥ ? ? ? െ ?Ǥ ? ? ? N/A െ ?Ǥ ? ? ? 
90-100% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ? N/A  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ?Ǥ ? ? ? N/A  ? ?Ǥ ? ? ?  
100-110% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? െ ?Ǥ ? ? ?  ? ?Ǥ ? ? ? 
110-120% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ?Ǥ ? ? ?  ? ?Ǥ ? ? ? 
>120% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? 
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7DEOH - 506(V ܣ RI -VWHS-DKHDG '/5 IRUHFDVWV IRU &+-& PRGHOV IRU WKH ILYH OHYHOV RI
LPSURYHPHQWRI6/5DQGWKHLULPSURYHPHQWRYHUSHUVLVWHQFHIRUFLUFXLWV&±& 
Circuit C5 C6 C7 C8 
Total 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? ൑90% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ?Ǥ ? ? ? െ ? ?Ǥ ? ? ? െ ? ?Ǥ ? ? ? െ ? ?Ǥ ? ? ? 
90-100% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ?Ǥ ? ? ? െ ?Ǥ ? ? ?  ?Ǥ ? ? ? 
100-110% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? 
110-120% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ? ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ? ?Ǥ ? ? ? 
>120% 
SLR 
RMSE  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ?  ? ?Ǥ ? 
Improve.  ?Ǥ ? ? ?  ?Ǥ ? ? ?  ? ?Ǥ ? ? ?  ?Ǥ ? ? ? 
 
 
)LJ - 'LVWULEXWLRQV RI HUURUV RI -VWHS-DKHDG '/5 IRUHFDVWV WKH ZLQG VSHHG REVHUYDWLRQV DQG
WKHLU-VWHS-DKHDGIRUHFDVWVDWZHDWKHUVWDWLRQVDQGFRUUHVSRQGLQJWRWKHUDWLQJOHYHOEHORZ
6/5IRUFLUFXLW& 
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)LJ - 'LVWULEXWLRQV RI HUURUV RI -VWHS-DKHDG '/5 IRUHFDVWV WKH ZLQG VSHHG REVHUYDWLRQV DQG
WKHLU-VWHS-DKHDGIRUHFDVWVDWZHDWKHUVWDWLRQVDQGFRUUHVSRQGLQJWRWKHUDWLQJOHYHOEHORZ
6/5IRUFLUFXLW& 
5.3.3. )RUHFDVWSUHFLVLRQRIFULWLFDOVSDQIRUDQRYHUKHDGOLQH 
7KHFULWLFDOVSDQWKDWOLPLWVWKHUDWLQJRIDQHQWLUH2+/DWDSDUWLFXODUIXWXUHWLPHLV
LGHQWLILHGLQHDFKRIWKH  ? ?ସ VFHQDULRV7KHSUREDELOLW\RIHDFKVSDQZLWKLQDFLUFXLW
EHLQJ WKH FULWLFDO VSDQ LV WKHQ GHILQHG DV WKH IUHTXHQF\ RI WKH VSDQ KDYLQJ WKH
PLQLPXP'/5IRUHFDVWDPRQJDOOVSDQVLQ WKH  ? ?ସ VFHQDULRV)LJ-VKRZVWKH
SUREDELOLWLHV RI HDFK VSDQ ZLWKLQ WKH FLUFXLW & EHLQJ WKH FULWLFDO VSDQ IRU  VWHSV
KDOIKRXUDKHDGGXULQJ±RQ)RUDSDUWLFXODUIXWXUHPRPHQW
WKH ILYH PRVW IUHTXHQW FULWLFDO VSDQV FRXOG EH SUHGLFWHG 7KH IRUHFDVW SUHFLVLRQ RI
HDFKPRVWIUHTXHQWFULWLFDOVSDQLVGHILQHGKHUHDVWKHUDWLRRIWKHQXPEHURIWKHFDVH
ZKHUHWKHIUHTXHQWFULWLFDOVSDQDFFXUDWHO\SUHGLFWVWKHDFWXDOFULWLFDOVSDQZKHQWKH
WLPHFRPHVWRWKHWRWDODPRXQWRIFDVHV7KHIRUHFDVWSUHFLVLRQRIHDFKPRVWIUHTXHQW
FULWLFDO VSDQDQG WKHLU WRWDO SUHFLVLRQ WKDW LV WKHSHUFHQWDJHRI FDVHV WKDW WKH DFWXDO
FULWLFDOVSDQLVDFFXUDWHO\IRUHFDVWE\DQ\RIWKHILYHPRVWIUHTXHQWFULWLFDOVSDQVIRU
VWHSVDKHDGDORQJHDFKFLUFXLWDUHSORWWHGLQ)LJ- 
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)LJ-3UREDELOLWLHVRIHDFKVSDQZLWKLQFLUFXLW&EHLQJWKHFULWLFDOVSDQIRUVWHSVDKHDGGXULQJ
±RQ 
 
)LJ - )RUHFDVW SUHFLVLRQV RI WKH ILYH PRVW IUHTXHQW FULWLFDO VSDQV IRU  VWHSV KDOI KRXU DKHDG
DORQJHDFKFLUFXLW 
7KH H[SHULPHQWDO UHVXOWV LQGLFDWH WKDW WKH ORFDWLRQ RI FULWLFDO VSDQ LV DFFXUDWHO\
SUHGLFWHGE\WKHPRVWIUHTXHQWFULWLFDOVSDQVLQJUHDWHUWKDQRIFDVHVIRUPRVW
RYHUKHDGFLUFXLWV7KHIRUHFDVWSUHFLVLRQRIFULWLFDOVSDQLVLQIOXHQFHGE\DQXPEHURI
IDFWRUVLQDFRPSOH[ZD\HJIRUHFDVWDFFXUDFLHVRIWKHPHDVXUHGZHDWKHUYDULDEOHV
QXPEHUVDQGRULHQWDWLRQVRIVSDQVZLWKLQDFLUFXLWHWF7KHQXPEHURIVSDQVZLWKLQ
DQ2+/DQGWKHYDULDWLRQLQOLQH¶VRULHQWDWLRQDUHLPSRUWDQWIDFWRUVWKDWDUHGLVFXVVHG
KHUH $Q 2+/ KDYLQJ D ODUJH QXPEHU RI VSDQV XVXDOO\ FRYHUV D ORQJ GLVWDQFH DQG
FURVVHVGLIIHUHQWWHUUDLQVZKLFKPD\LQFUHDVHWKHGLIILFXOW\RISUHGLFWLQJWKHORFDWLRQ
RIFULWLFDOVSDQ$VVKRZQLQ)LJ-WKHIRUHFDVWSUHFLVLRQRIFULWLFDOVSDQIRU&
WKDW FRQVLVWVRI VSDQV DQGFRYHUV D ORQJGLVWDQFHRI  ? ?݇ ݉ LV UHODWLYHO\ ORZHU
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WKDQRWKHUFLUFXLWVZKLOHFLUFXLW&WKDWFRQVLVWVRIVSDQVDQGFRYHUV  ?Ǥ ?݇݉ KDV
WKHPRVWDFFXUDWHSUHGLFWLRQVRIFULWLFDOVSDQV 
7KHODUJHYDULDWLRQLQRULHQWDWLRQRIFLUFXLW&IURPN9EXV%LQSUR[LPLW\WR
ZHDWKHUVWDWLRQ:6WR%LQSUR[LPLW\WR:6DVVKRZQLQ)LJ-PD\EHDQ
DGGLWLRQDO UHDVRQ IRU WKH OHVV SUHFLVH SUHGLFWLRQ RI WKH FULWLFDO VSDQ 6LQFH LW LV WKH
DQJOHEHWZHHQOLQHRULHQWDWLRQDQGZLQGGLUHFWLRQWKDWDIIHFWVWKHFRQYHFWLRQFRROLQJ
RQFRQGXFWRUVDQHUURULQZLQGGLUHFWLRQIRUHFDVWFDQUHVXOWLQYHU\GLIIHUHQWHIIHFWV
RQ WZR VSDQV ZKLFK DUH SHUSHQGLFXODU WR HDFK RWKHU LH PD[LPXP FRQYHFWLRQ
FRROLQJRQRQHVSDQDQGPLQLPXPFRROLQJRQWKHRWKHU7KHUHIRUHWKHGLIIHUHQFHVLQ
ZLQGGLUHFWLRQEHWZHHQ IRUHFDVWV DQGDFWXDO YDOXHVPD\ HDVLO\ OHDG WR DQ LQFRUUHFW
SUHGLFWLRQ RI WKH FULWLFDO VSDQ IRU D FLUFXLW ZKLFK KDV VLJQLILFDQW YDULDWLRQV LQ
RULHQWDWLRQ ,I WKHVSDQVZLWKLQDFLUFXLWDUHRIVLPLODURULHQWDWLRQV WKHLQIOXHQFHRI
IRUHFDVW HUURUVRI ZLQG GLUHFWLRQRQ WKH FULWLFDO VSDQSUHGLFWLRQPD\EH UHGXFHG WR
VRPHH[WHQW7KHUHDUHRQO\PLQRUFKDQJHVLQRULHQWDWLRQRIFLUFXLW&IURPEXV%
LQSUR[LPLW\WR:6WR%LQSUR[LPLW\WR:6DVVKRZQLQ)LJ-7KRXJK
&FRQVLVWLQJRIVSDQVFRYHUVDODUJHDUHDWKHIRUHFDVWSUHFLVLRQRIFULWLFDOVSDQLV
VLPLODUWRWKDWIRU&IURP%WR%LQSUR[LPLW\WR:6DQG&IURP%WR%LQ
SUR[LPLW\WR:6ZKLFKDUHERWKPDGHXSRIRQO\VSDQVEXWKDYHUHODWLYHO\ODUJH
YDULDWLRQV LQ RULHQWDWLRQV DV VKRZQ LQ )LJ - )XUWKHUPRUH WKH GLIIHUHQFHV LQ
RULHQWDWLRQEHWZHHQSDUWLFXODUVSDQVZLWKLQHDFKRIFLUFXLWV&DQG&DOPRVWUHDFK ? ?௢ LQFUHDVLQJ WKH LQIOXHQFHRIZLQGGLUHFWLRQIRUHFDVWHUURURQ WKHSUHFLVLRQZLWK
ZKLFKWKHFULWLFDOVSDQLVLGHQWLILHG 
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)LJ-ȋȌ ?ǡ ? ? 
5.3.4. (IIHFWLYHQHVVRIXVLQJORZHUSHUFHQWLOHVIRUDQRYHUKHDGOLQH 
$VQRWHGDERYHDSDUWLFXODUORZHU'/5SHUFHQWLOHHJWKHWKSHUFHQWLOH3YDOXH
LVOLNHO\WREHDGRSWHGIURPDSUREDELOLVWLF'/5IRUHFDVWDQGUHJDUGHGDVWKHWKHUPDO
OLPLW IRU DQ 2+/ VR DV WR DYRLG WKH ULVN RI XVLQJ RYHUHVWLPDWHG SRLQW IRUHFDVWV RI
'/5V 6LQFH WKH XSJUDGLQJ RI UDWLQJV LV XVXDOO\ OLPLWHG WR DURXQG  DERYH WKH
6/5VLQSUDFWLFDODSSOLFDWLRQVWKHHIIHFWLYHQHVVRIXVLQJ3YDOXHVDVWKHUPDOOLPLWV
IRU2+/VDUHYHULILHGIRU WZRGLIIHUHQWVLWXDWLRQV LH ܲ ? ൏  ? ? ? ?ܵܮܴ DQG ܲ ? ൒ ? ? ? ?ܵܮܴ )LJ - VKRZV WKH GLIIHUHQFHV EHWZHHQ WKH 3 IRUHFDVWV IRU  VWHSV
KDOIKRXUDKHDGDQGWKHDFWXDOUDWLQJVZKHQWKHWLPHFRPHVIRUFLUFXLWV&DQG&
)RUFLUFXLW& WKHDFWXDOUDWLQJH[FHHGVWKH3YDOXHLQRIWKHIRUPHUFDVHV
DQGLQRIWKHODWWHU)RUFLUFXLW&WKHDFWXDOUDWLQJLVOHVVWKDQWKH3IRUHFDVW
LQRIFDVHVWKDWIRUHFDVWDVPDOOXSUDWLQJDQGLQRWKHUZLVH 
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)LJ-7KHGLVWULEXWLRQVRIGLIIHUHQFHVEHWZHHQWKHWKSHUFHQWLOHIRUHFDVWVIRUKDOIKRXUDKHDGDQG
WKHLUFRUUHVSRQGLQJDFWXDOUDWLQJVDQGWKHSURSRUWLRQRISRVLWLYHGLIIHUHQFHVIRUFDVHVDZKHQWKH WK
SHUFHQWLOH IRUHFDVW LV OHVV WKDQ  RI 6/5 DQG E ZKHQ LW LV JUHDWHU WKDQ RU HTXDO WR  IRU
FLUFXLWV&DQG& 
,WLVLQWHUHVWLQJWKDWDVLJQLILFDQWSURSRUWLRQRIGLIIHUHQFHVEHWZHHQWKHDFWXDOUDWLQJV
DQGWKH3IRUHFDVWVWKDWSURYLGHDVPDOOXSUDWLQJDUHFRQFHQWUDWHGDURXQG]HUR7KLV
PLJKWEHEHFDXVHLQVRPHSDUWLFXODUFDVHVSUREDELOLW\GHQVLWLHVDWWKHORZHUHQGRI
SUHGLFWLYHGLVWULEXWLRQVRI'/5VDUHVRKLJKWKDWYDOXHVRIWKHORZHU'/5SHUFHQWLOHV
DUHTXLWHVLPLODU)RUH[DPSOHWKHGLIIHUHQFHVEHWZHHQ3WKHWKSHUFHQWLOHDQG
3IRUHFDVWVDUHOHVVWKDQ  ? ?ܣ DQG  ?ܣ LQFDVHVDQGFDVHVUHVSHFWLYHO\LH
DQGRI WKHFDVHVZKHUH ܲ ? ൏ ? ? ? ?ܵܮܴ IRU& DQG LQFDVHV
DQGFDVHVUHVSHFWLYHO\LHDQGRIWKHFDVHVZKHUH ܲ ? ൏ ? ? ? ?ܵܮܴ
IRU &7KHUHIRUH WKH DFWXDO UDWLQJV PD\ EH YHU\ FORVH WR WKH 3 IRUHFDVWV WKRXJK
WKHLUFRUUHVSRQGLQJ3,7YDOXHVDUHJUHDWHUWKDQ 
7KHSHUFHQWDJHVRIWLPHWKDWWKHDFWXDOUDWLQJVDUHOHVVWKDQWKH3WKHVWSHUFHQWLOH
3WKHUGSHUFHQWLOHDQG3IRUHFDVWVIRUVWHSVKDOIKRXUDKHDGDUHHYDOXDWHGWR
EH PRVWO\ VPDOOHU WKDQ WKHLU FRUUHVSRQGLQJ WKHRUHWLFDO YDOXHV PHDQLQJ WKDW WKH
SUHGLFWLYHORZHU'/5SHUFHQWLOHVDUHFRQVHUYDWLYHRQDYHUDJH:KHQWKHXSJUDGLQJ
RI UDWLQJV LV OLPLWHG WR  RI WKH 6/5V WKH SHUFHQWDJHV RI WLPH IRU ZKLFK WKH
DFWXDOUDWLQJVH[FHHGWKHFRUUHFWHGORZHU'/5SHUFHQWLOHVDUHVPDOOHUWKDQWKRVHIRU
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WKHRULJLQDOSHUFHQWLOHV DV OLVWHG LQ7DEOH-7KHUHIRUH WKHFRUUHFWHG ORZHU'/5
SHUFHQWLOH IRU D UHDVRQDEOH FDOLEUDWLRQ KDV WKH SRWHQWLDO WR EH HPSOR\HG LQ V\VWHP
RSHUDWLRQGHFLVLRQPDNLQJ 
7DEOH-7KHSHUFHQWDJHVRIWLPHIRUZKLFKWKHDFWXDOUDWLQJVH[FHHGWKH-VWHS-DKHDG33DQG3
IRUHFDVWVDQGWKRVHWKDWDUHOLPLWHGWRRI6/5VIRUHDFKFLUFXLW 
7LPHEHORZ
3HUFHQWLOHV 
3)RUHFDVWV 3)RUHFDVWV 3)RUHFDVWV 
2ULJLQDO &RUUHFWHG 2ULJLQDO &RUUHFWHG 2ULJLQDO &RUUHFWHG 
&       
&       
&       
&       
&       
&       
&       
&       
7KHDYHUDJHDGGLWLRQDOFDSDFLWLHV$$&DERYH6/5VLQUHOHDVHGE\WKHRULJLQDO
25,* DQG FRUUHFWHG &255 3 3 DQG 3 IRUHFDVWV IRU  VWHSV DKHDG DQG WKH
SHUFHQWDJHV RI WLPH IRU ZKLFK WKHVH SHUFHQWLOHV DUH DERYH 6/5V DUH HVWLPDWHG IRU
HDFK FLUFXLW DV WDEXODWHG LQ 7DEOH - ([FHSW IRU FLUFXLW & FRPSULVLQJ µ3RSODU¶
$$$&FRQGXFWRUVRQO\WKHSUHGLFWLYHORZHU'/5SHUFHQWLOHVDWWKHRWKHUFLUFXLWVDUH
XVXDOO\EHORZWKH6/5V7KHH[WUDWKHUPDOKHDGURRPWKDWFDQEHH[SORLWHGE\ORZHU
SHUFHQWLOHVIRU&LVPXFKKLJKHUWKDQWKRVHIRUWKHRWKHUFLUFXLWV)XUWKHUPRUHWKH
VOLJKWUHGXFWLRQVLQ$$&DWVRPHFLUFXLWVHJ&GXHWRWKHOLPLWDWLRQVRQXSUDWLQJ
PHDQWKDWWKHRULJLQDOIRUHFDVWVRIORZHU'/5SHUFHQWLOHVGRQRWRIWHQH[FHHG
RI6/5V 
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7DEOH - 7KH DYHUDJH DGGLWLRQDO FDSDFLWLHV $$& DERYH 6/5V  IRU WKH RULJLQDO 25,* DQG
FRUUHFWHG &255 3 3 DQG 3 IRUHFDVWV IRU  VWHSV DKHDG DQG WKH SHUFHQWDJH RI WLPH IRU WKH
SHUFHQWLOHVDERYH6/5V 

DERYH
6/5 
3)RUHFDVWV 3)RUHFDVWV 3)RUHFDVWV 
$$&
25,* 
$$&
&255 7LPH 
$$&
25,* 
$$&
&255 7LPH 
$$&
25,* 
$$&
&255 7LPH 
& - -  - -  - -  
& - -   -     
&          
& - -  - -  - -  
& - -  - -  - -  
& - -  - -   -  
&          
& - -  - -   -  
5.3.5. (IIHFWVRILQWHUSRODWLRQHUURUVRIZHDWKHUYDULDEOHVRQ'/5V 
$VZDVGHWDLOHGDERYHSUREDELOLVWLF IRUHFDVWVRIVWHDG\-VWDWH'/5VHVWLPDWHGIRUD
SDUWLFXODUIXWXUHWLPHIRUDFRPSOHWHOLQHKDYHFRQVLGHUHGWKHXQFHUWDLQW\RIZHDWKHU
IRUHFDVWVRQO\+RZHYHUWKHXQFHUWDLQW\RIVSDWLDOLQWHUSRODWLRQRIZHDWKHUYDULDEOHV
FDQQRWEHPRGHOOHGE\WKHLQYHUVHGLVWDQFHZHLJKWLQJRUNULJLQJPHWKRGVGHYHORSHG
LQ&KDSWHUDQGZDVQRWUHIOHFWHGRQWKHGLVWULEXWLRQVRIVWHDG\-VWDWH'/5VIRUDOLQH
7KHUHIRUHLWVKRXOGEHQRWHGWKDWWKHDERYHDQDO\VLVRIVWHDG\-VWDWH'/5IRUHFDVWLQJ
IRUDFRPSOHWHOLQHHJFDOLEUDWLRQDQGDFFXUDF\RISUREDELOLVWLF'/5IRUHFDVWVDQG
SRVVLEOHFULWLFDOVSDQV LVEDVHGRQDQDVVXPSWLRQRISHUIHFWVSDWLDO LQWHUSRODWLRQRI
ZHDWKHU YDULDEOHV ,Q RUGHU WR H[DPLQH LQIOXHQFHV RI VSDWLDO LQWHUSRODWLRQ HUURUV RI
ZHDWKHU YDULDEOHV RQ WKH DFFXUDF\ RI '/5 HVWLPDWHV WKH LQWHUSRODWLRQ YDOXH RI D
SDUWLFXODUZHDWKHUYDULDEOHDWDSDUWLFXODUVWDWLRQLQIHUUHGIURPREVHUYDWLRQVDWRWKHU
VWDWLRQVE\WKHVSDWLDOLQWHUSRODWLRQPHWKRGVHOHFWHGLQ&KDSWHUDQGPHDVXUHPHQWV
RIRWKHUZHDWKHUYDULDEOHVDW WKHVWDWLRQDUHXVHG WRFDOFXODWH WKHVWHDG\-VWDWH'/5
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IRUD VSDQ LQ WKHYLFLQLW\RI WKHVWDWLRQ)LJ-VKRZVSHUFHQWDJHHUURUVRI'/5
HVWLPDWHVIRUVSDQV&4-&4DQG$&-$&%WKDWDUHDIIHFWHGE\WKHVSDWLDO
LQWHUSRODWLRQHUURUVRIHDFKZHDWKHUYDULDEOHUHVSHFWLYHO\ 
 
)LJ-3HUFHQWDJHHUURUVRIVWHDG\-VWDWH'/5HVWLPDWHVDWGLIIHUHQWVSDQVWKDWDUHFDOFXODWHGIURP
LQWHUSRODWLRQYDOXHVRIHDFKZHDWKHUYDULDEOHDQGREVHUYDWLRQVRIRWKHUYDULDEOHV 
$VQRWHG LQ6HFWLRQ WKH DFFXUDF\RI VWHDG\-VWDWH'/5HVWLPDWHV LV JHQHUDOO\
PRUHVHQVLWLYHWRWKHHUURUVRIZLQGVSHHGDQGDWWDFNDQJOHEHWZHHQZLQGGLUHFWLRQ
DQGOLQHRULHQWDWLRQ7KLVFDQDOVREHVXPPDULVHGIURP)LJ-)XUWKHUPRUH WKH
PD[LPXPPDJQLWXGHVRIVSDWLDOLQWHUSRODWLRQHUURUVRIZHDWKHUYDULDEOHVDUHVKRZQ
WREHKLJKHUWKDQWKRVHIRUZHDWKHUIRUHFDVWHUURUVOHDGLQJWRPRUHVLJQLILFDQWHUURUV
RI'/5 HVWLPDWHV 7DEOH- WDEXODWHV506(VRI VWHDG\-VWDWH'/5VFDOFXODWHG IRU
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QLQHVSDQVWKDWDUHLQFORVHSUR[LPLW\WRQLQHZHDWKHUVWDWLRQVUHVSHFWLYHO\EDVHGRQ
LQWHUSRODWLRQYDOXHVRIZHDWKHUYDULDEOHVLQIHUUHGIURPREVHUYDWLRQVDWWKHRWKHUHLJKW
VWDWLRQV E\ WKH VSDWLDO LQWHUSRODWLRQ PRGHOV FKRVHQ LQ &KDSWHU  ZKHQ WDNLQJ HDFK
VWDWLRQDVWKHWDUJHWORFDWLRQ&RPSDULQJ506(VRI'/5VIRUVSDQV&4-&4DQG
$&-$&%GXHWRVSDWLDOLQWHUSRODWLRQHUURUVDVVKRZQLQ7DEOH-WRWKRVH
GXHWRIRUHFDVWHUURUVDVOLVWHGLQ7DEOH-WKHXQFHUWDLQW\RIVSDWLDOLQWHUSRODWLRQ
EHWZHHQZHDWKHUYDULDEOHVLVOLNHO\WRFDXVHPRUHVLJQLILFDQWHUURUVRI'/5HVWLPDWHV
RQDYHUDJH7KHUHIRUHTXDQWLI\LQJWKHSRVVLEOHVL]HVRIVSDWLDOLQWHUSRODWLRQHUURUVRI
ZHDWKHUYDULDEOHVDQGUHIOHFWLQJWKLVXQFHUWDLQW\RQWKHGLVWULEXWLRQRI'/5HVWLPDWHV
VKRXOGEHDGGUHVVHGLQIXWXUHUHVHDUFK 
7DEOH-506(VܣRIVWHDG\-VWDWH'/5VHVWLPDWHGIRUQLQHVSDQVLQWKHYLFLQLW\RIQLQHZHDWKHU
VWDWLRQVUHVSHFWLYHO\EDVHGRQLQWHUSRODWLRQYDOXHVRIZHDWKHUYDULDEOHV 
6SDQ&ORVHVW:HDWKHU6WDWLRQ &RQGXFWRU7\SH 506(ܣRI'/5(VWLPDWHV 
$'-$':6 3RSODU  
$'-$&:6 /\Q[  
$&-$&:6 /\Q[  
&4-&4:6 /\Q[  
$&-$&:6 /\Q[  
$&-$&%:6 3RSODU  
$&-$&:6 /\Q[  
$&-$&:6 /\Q[  
$&-$&:6 /\Q[  
5.4. &RQFOXVLRQV 
7KLV FKDSWHU KDV GHVFULEHG ZHDWKHU EDVHG DSSURDFKHV WR SUREDELOLVWLF IRUHFDVWV RI
VWHDG\-VWDWHG\QDPLFOLQHUDWLQJ'/5IRUERWKDVLQJOHVSDQDQGDQHQWLUHRYHUKHDG
OLQH2+/EDVHGRQDFRPELQDWLRQRIDWKHUPDOPRGHORIRYHUKHDGFRQGXFWRUVDQGD
0RQWH&DUORPHWKRGZKHUH UDQGRPZHDWKHU LQSXWVDUHVDPSOHGIURPWKHPRGHOOHG
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SUHGLFWLYHGLVWULEXWLRQVRIWKHPHDVXUHGZHDWKHUYDULDEOHVDQGWKHQSDLUHGWRKDYHD
FRUUHODWLRQFORVHWRWKDWFRPSXWHGIURPUHFHQWREVHUYDWLRQV7KHVSDWLDOLQWHUSRODWLRQ
PRGHOV UHILQHG LQ &KDSWHU  DUH DGGLWLRQDOO\ XVHG WR LQIHU SRVVLEOH DPELHQW
FRQGLWLRQV DW HDFK VSDQ ZLWKLQ DQ 2+/ IURP UDQGRP ZHDWKHU VDPSOHV DW ZHDWKHU
VWDWLRQVIRUWKH'/5SUHGLFWLRQIRUWKHHQWLUH2+/ 
7KHSURSRVHGDSSURDFKHVKDYHEHHQWHVWHGRQWZRVSDQVFRPSULVLQJGLIIHUHQWW\SHV
RI RYHUKHDG FRQGXFWRUV DQG HLJKW N9 2+/V LQ WKH UHVHDUFK DUHD 7KH SRLQW
IRUHFDVWVRI VWHDG\-VWDWH'/5VHVWLPDWHGE\ WKHFRQGLWLRQDOO\KHWHURVFHGDVWLF &+
IRUHFDVWLQJPRGHOVKDYHVKRZQDVLJQLILFDQWLPSURYHPHQWRYHUSHUVLVWHQFHIRUXSWR
KDOI KRXU  VWHSV DKHDG +RZHYHU WKH RYHUHVWLPDWLRQ RI ZLQG VSHHG IRUHFDVWV DW
ORZHUYDOXHVE\DXWR-UHJUHVVLYH$5PRGHOVOHDGVWRXQVDWLVIDFWRU\SHUIRUPDQFHRI
'/5 IRUHFDVWLQJDW ORZ UDWLQJ OHYHOV IRUERWK D VLQJOH VSDQDQGDQHQWLUH2+/ ,Q
SUDFWLFHDULVNDYHUVHV\VWHPRSHUDWRULVOLNHO\WRDGRSWDSROLF\LQZKLFKWKHUHLVD
VPDOO SUREDELOLW\ RI DQ DFWXDO UDWLQJ EHLQJ ORZHU WKDQ WKH OLPLW DSSOLHG WR SRZHU
IORZV6XFKDSROLF\FRXOGXVHDFHUWDLQ ORZHUSHUFHQWLOH IURPDSUREDELOLVWLF'/5
IRUHFDVW DQG IRU WKH FDVH VWXG\ GLVFXVVHG WKLV RYHUFRPHV WKH ORZ ZLQG VSHHG
SUREOHPWRVRPHH[WHQW 
7KH SUHGLFWLYH '/5 SHUFHQWLOHV IRU D SDUWLFXODU VSDQ GHULYHG IURP LQGHSHQGHQW
UDQGRP ZHDWKHU VDPSOHV JHQHUDWHG IURP $5-&+ IRUHFDVWLQJ PRGHOV DQG WKH '/5
SHUFHQWLOHV IRU DQ 2+/ GHULYHG IURP WKH SDLUHG FRUUHODWHG VDPSOHV RI DLU
WHPSHUDWXUHDQGZLQGVSHHGDQGLQGHSHQGHQWZLQGGLUHFWLRQVDPSOHVDUHSUHIHUUHGLQ
WKLVVWXG\GXHWRWKHLUJRRGFDOLEUDWLRQDW ORZHUSHUFHQWLOHV7KHFRUUHODWLRQVDGGHG
LQWR UDQGRP ZHDWKHU VDPSOHV HVSHFLDOO\ EHWZHHQ ZLQG VSHHG DQG ZLQG GLUHFWLRQ
QDUURZ WKH SUHGLFWLYH GLVWULEXWLRQV RI '/5V IRU D SDUWLFXODU VSDQ ZKLFK EHFRPH
PRUHFRQFHQWUDWHG:KHQGHWHUPLQLQJSUHGLFWLYH'/5SHUFHQWLOHVIRUDQHQWLUH2+/
VLJQLILFDQW SRVLWLYH FRUUHODWLRQV DGGHG LQWR UDQGRP ZHDWKHU VDPSOHV RI WKH VDPH
SDUDPHWHUVDWGLIIHUHQWVWDWLRQVH[SDQGWKHUDQJHRIVDPSOHGYDOXHVRI'/5IRUHFDVWV
DWDSDUWLFXODUIXWXUHWLPHZKLFKPLWLJDWHVWKHRYHUFRQFHQWUDWLRQRIWKHGLVWULEXWLRQ
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RI '/5 IRUHFDVWV GHULYHG IURP WKH LQGHSHQGHQW ZHDWKHU VDPSOHV ,Q DGGLWLRQ WKH
FRUUHODWLRQVDGGHGLQWRUDQGRPVDPSOHVEHWZHHQDLUWHPSHUDWXUHDQGZLQGVSHHGDQG
WKRVHDPRQJDLUWHPSHUDWXUHVDPSOHVDWGLIIHUHQWZHDWKHUVWDWLRQVVHHPWRKDYHVOLJKW
LPSDFWRQWKHFRQFHQWUDWLRQRISUHGLFWLYHGLVWULEXWLRQVRI'/5VGXHWRWKHUHODWLYHO\
KLJKDFFXUDF\RIDLUWHPSHUDWXUHSUHGLFWLRQ 
,Q SUDFWLFH DOWKRXJK KHDW WUDQVIHU DURXQG HDFK VSDQ RI DQ 2+/ PLJKW VXJJHVW
SRVVLEOHXSUDWLQJRIRUPRUHUHODWLYHWRWKHVHDVRQDOVWDWLFOLQHUDWLQJ6/5DW
DSDUWLFXODUIXWXUHWLPHWKHXSJUDGLQJRIUDWLQJVZLOOXVXDOO\EHOLPLWHGWRRI
6/5VGXH WR WKH VHWWLQJVRISURWHFWLRQRQ WKHFLUFXLW DQGRWKHU FRQVLGHUDWLRQV7KH
FRUUHFWHG ORZHU '/5 SHUFHQWLOHV KDYH EHHQ VKRZQ WR EH FRQVHUYDWLYH VLQFH WKH
SHUFHQWDJH RI WLPH IRU WKH DFWXDO UDWLQJV H[FHHGLQJ WKH ORZHU '/5 SHUFHQWLOHV LV
PRVWO\VPDOOHUWKDQWKHWKHRUHWLFDOYDOXH 
7KHFULWLFDOVSDQZLWKLQDQ2+/DWDSDUWLFXODUIXWXUHWLPHLVDOVRSUHGLFWHGLQ0RQWH
&DUORVLPXODWLRQ7KHORFDWLRQRIWKHFULWLFDOVSDQLVDFFXUDWHO\SUHGLFWHGIRUWKHILYH
PRVW IUHTXHQW FULWLFDO VSDQV LQJUHDWHU WKDQRI FDVHV IRUPRVW FLUFXLWV$KLJK
IRUHFDVW SUHFLVLRQ RI FULWLFDO VSDQ LV JHQHUDOO\ DFKLHYHG IRU WKH 2+/ WKDW FRYHUV D
VKRUWGLVWDQFHDQGFRPSULVHVDVPDOOQXPEHURIVSDQVRIVLPLODURULHQWDWLRQ 
3HUIHFWVSDWLDOLQWHUSRODWLRQRIZHDWKHUYDULDEOHVDUHDVVXPHGGXULQJWKHDQDO\VLVRI
SUREDELOLVWLF IRUHFDVWVRIVWHDG\-VWDWH'/5IRUDFRPSOHWH OLQHDQGSRVVLEOHFULWLFDO
VSDQV+RZHYHUVSDWLDO LQWHUSRODWLRQHUURUVRIZHDWKHUYDULDEOHVDUHIRXQGWRFDXVH
PRUHVLJQLILFDQWHUURUVRIVWHDG\-VWDWH'/5HVWLPDWHVWKDQZHDWKHUIRUHFDVWHUURUVRQ
DYHUDJH$OWKRXJKWKHZHDWKHU-EDVHGPRGHOGHYHORSHGKHUHIRU'/5IRUHFDVWLQJIRU
DQ2+/KDVVXFFHVVIXOO\FRQVLGHUHGWKHXQFHUWDLQW\RIZHDWKHUIRUHFDVWVWKHVL]HVRI
SRVVLEOHHUURUVRIVSDWLDOLQWHUSRODWLRQEHWZHHQZHDWKHUYDULDEOHVVKRXOGEHPRGHOOHG
DQGUHIOHFWHGRQWKHGLVWULEXWLRQRI'/5HVWLPDWHVLQIXWXUHUHVHDUFK  
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6. 352%$%,/,67,&)25(&$67,1*2)
75$16,(17-67$7('<1$0,&/,1(5$7,1* 
6.1. ,QWURGXFWLRQ 
0RVW UHSRUWHG VWXGLHV RQ WKH DSSOLFDWLRQ RI ZHDWKHU-EDVHG G\QDPLF OLQH UDWLQJV
'/5V FRQVLGHU FRQWLQXRXV RU VWHDG\-VWDWH '/5V RQO\ /HVV DWWHQWLRQ KDV EHHQ
JLYHQWRVKRUW-WHUPRUWUDQVLHQW-VWDWH'/5VSDUWO\GXHWRWKHLQFUHDVHGFRPSXWDWLRQ
WLPH UHTXLUHG 7KH FRQYHQWLRQDO DSSURDFK WR WUDFNLQJ WKH WUDQVLHQW-VWDWH FRQGXFWRU
WHPSHUDWXUHZLWKLQDVSHFLILHGWLPHSHULRGLVWRGLYLGHWKHWLPHSHULRGW\SLFDOO\
PLQXWHV LQWR VHYHUDO VXIILFLHQWO\ VPDOO WLPH LQWHUYDOV HJ  VHFRQGV DQG WKHQ
FDOFXODWHWKHFKDQJHLQFRQGXFWRUWHPSHUDWXUHRYHUHDFKWLPHLQWHUYDO>@&OHDUO\
LIDWLPHSHULRGRIPLQXWHVLVGLYLGHGLQWRDVHULHVRI-VHFRQGWLPHLQWHUYDOVWKH
HVWLPDWLRQ RI FRQGXFWRU WHPSHUDWXUH FKDQJH KDV WR EH FDUULHG RXW  WLPHV ,(((
6WDQGDUG 6WG  >@ DQG &,*5( 7HFKQLFDO %URFKXUH 7%  >@ KDYH ERWK
GHYHORSHGDQDO\WLFDOPHWKRGV WR FDOFXODWH WKH WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUH
DV DQ H[SRQHQWLDO IXQFWLRQ RI WLPH ZKLFK FDQ UHGXFH FRPSXWDWLRQ WLPH FRPSDUHG
ZLWKWKHFRQYHQWLRQDODSSURDFK+RZHYHUWKHDQDO\WLFDOPHWKRGGHYHORSHGLQ,(((
6WG>@RQO\FRQVLGHUVDVWHSFKDQJHLQOLQHFXUUHQWDQGUHTXLUHVWKHFRQGXFWRUWR
EH LQ WKHUPDO HTXLOLEULXP EHIRUH WKH VWHS RFFXUV ,Q DQ H[DPSOH RI WUDQVLHQW-VWDWH
FRQGXFWRUWHPSHUDWXUHFDOFXODWLRQJLYHQLQ>@ZKHUHWKHFRQYHQWLRQDODSSURDFKZDV
DGRSWHGDVDEHQFKPDUNWKH&,*5(DQDO\WLFDOPHWKRGZDVVKRZQWRXQGHUHVWLPDWH
WKH ILQDO FRQGXFWRU WHPSHUDWXUH E\ DURXQG  ?Ǥ ? ?Ԩ ZKHQ DQ LQLWLDO VWHDG\-VWDWH
FRQGLWLRQZDVQRWDFKLHYHG 
7KLVFKDSWHUILUVWGHVFULEHVFRQYHQWLRQDODSSURDFKHVDQGDQDO\WLFDOPHWKRGVWKDWDUH
GHYHORSHG LQ >@ DQG >@ WR WUDFN WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUHV 7KHQ WKH
,((( DQDO\WLFDO PHWKRG LV HQKDQFHG WR FRQVLGHU FKDQJHV LQ ZHDWKHU YDULDEOHV DQG
IXOILO WKHUHTXLUHPHQWRI WKHFRQGXFWRU¶V WKHUPDOHTXLOLEULXPDW WKH VWDUWRIDJLYHQ
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WLPHSHULRG%DVHGRQWKHH[SHULPHQWDOGDWDXVHGLQWKHFDOFXODWLRQH[DPSOHJLYHQLQ
>@WKHLQIOXHQFHRIWKHWLPHLQWHUYDOOHQJWKXVHGLQWKHFRQYHQWLRQDODSSURDFKRQWKH
WUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHPRGHOOLQJLVLQYHVWLJDWHG7KHDFFXUDFLHVRIWKH
HQKDQFHG DQDO\WLFDO PHWKRG DQG WKH &,*5( DQDO\WLFDO PHWKRG DUH WKHQ DVVHVVHG
XVLQJWKHFRQYHQWLRQDODSSURDFKDVDEHQFKPDUN)XUWKHUPRUHDIDVW-FRPSXWDWLRQDO
DSSURDFKLVGHYHORSHGWRHVWLPDWHSUREDELOLVWLFIRUHFDVWVRIWUDQVLHQW-VWDWH'/5VIRU
WLPH KRUL]RQV RI   DQG  PLQXWHV IRU WZR SDUWLFXODU VSDQV &4-&4 DQG
$&-$&% EDVHG RQ WKH SUHGLFWLYH GLVWULEXWLRQV PRGHOOHG IRU WKH ZHDWKHU
YDULDEOHVPHDVXUHGDW VWDWLRQVDQG IRU XS WR WKUHH-PLQXWHV WLPHVWHSVDKHDG
UHVSHFWLYHO\ DORQJ ZLWK XVH RI WKH HQKDQFHG DQDO\WLFDO PHWKRG 7KH KLVWRJUDPV RI
SUREDELOLW\ LQWHJUDO WUDQVIRUP 3,7 IRU SUREDELOLVWLF WUDQVLHQW-VWDWH '/5 IRUHFDVWV
FDOFXODWHGEDVHGRQWKHLQGHSHQGHQWRUFRUUHODWHGZHDWKHUVDPSOHVDUHFRPSDUHGWR
GHWHUPLQH ZKHWKHU WKH FRUUHODWLRQV DPRQJ GLIIHUHQW ZHDWKHU YDULDEOHV DW GLIIHUHQW
IXWXUHPRPHQWVVKRXOGEHDGGHGLQWRUDQGRPZHDWKHUVDPSOHV 
6.2. 0HWKRGRORJ\ 
6.2.1. &RQYHQWLRQDODSSURDFKHVWRFRQGXFWRUWHPSHUDWXUHPRGHOOLQJ 
$VSHFLILHGWLPHSHULRGDIWHUVWHSFKDQJHVLQOLQHFXUUHQWDQGZHDWKHUYDULDEOHVLVWR
EH GLYLGHG LQWR VHYHUDO VXIILFLHQWO\ VPDOO WLPH LQWHUYDOV  ?ݐ LQ WKH FRQYHQWLRQDO
DSSURDFK WR WKH WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUH PRGHOOLQJ 7KH YDULDWLRQ LQ
FRQGXFWRUWHPSHUDWXUHRYHUHDFK  ?ݐ LVWKHQFDOFXODWHGE\WKHQRQ-VWHDG\-VWDWHKHDW
EDODQFHHTXDWLRQ>@ 
௖ܶ௙ǡ ?௧ െ ௖ܶ௜ǡ ?௧ ൌ  ?ݐ݉  ? ܥ௣൫ ௖ܶ௜ǡ ?௧൯ ൛ܫଶ  ? ܴ൫௖ܶ௜ǡ ?௧൯ ൅ ܳ௦ െ ܳ௖൫ ௖ܶ௜ǡ ?௧൯ െ ܳ௥൫ ௖ܶ௜ǡ ?௧൯ൟ - 
ZKHUHWHUPV ܫଶ  ? ܴ ܳ௦ ܳ௖ DQG ܳ௥ UHSUHVHQWWKHUDWHVRI-RXOHKHDWJDLQVRODUKHDW
JDLQFRQYHFWLRQKHDWORVVDQGUDGLDWLRQKHDWORVVSHUXQLWOHQJWKUHVSHFWLYHO\7HUPV௖ܶ௙ǡ ?௧ DQG ௖ܶ௜ǡ ?௧ DUH WKH ILQDO DQG LQLWLDO FRQGXFWRU WHPSHUDWXUHV RI  ?ݐ 7KH WHUP
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݉  ? ܥ௣ LQ ܬ ሺ݉  ? Ԩሻ ?  UHSUHVHQWV WKH WRWDO KHDW FDSDFLW\ RI WKH FRQGXFWRU SHU XQLW
OHQJWKDQGLVHVWLPDWHGDVWKHVXPRIKHDWFDSDFLWLHVRIGLIIHUHQWPDWHULDOV>@ ݉  ? ܥ௣ ൌ  ? ௝݉  ? ܥ௣ǡ௝  - 
ZKHUHWHUPV ௝݉ DQG ܥ௣ǡ௝ DUHWKHPDVVSHUXQLW OHQJWKLQ ݇݃ ݉ ? DQGWKHVSHFLILF
KHDW LQ ܬ ሺ݇݃  ? Ԩሻ ?  IRU WKH ݆௧௛ FRQGXFWRUPDWHULDO UHVSHFWLYHO\7KHDFFRQGXFWRU
UHVLVWDQFH ܴ ܳ௖ ܳ௥ DQG ܥ௣ǡ௝ DUHDOOGHSHQGHQWRQFRQGXFWRUWHPSHUDWXUH ௖ܶ DQG
ZHUH HYDOXDWHGDW ௖ܶ௜ǡ ?௧ RIHDFK-PLQXWH  ?ݐ LQ WKHFDOFXODWLRQH[DPSOHVJLYHQ LQ
>@DQG>@,(((6WG>@VXJJHVWVWKDWLWLVXVXDOO\VXIILFLHQWWRVHOHFW  ?ݐ HTXDO
WRRIWKHFRQGXFWRUWKHUPDOWLPHFRQVWDQWDFFRUGLQJWR>@WKHODWWHULVW\SLFDOO\
±PLQXWHVDQGWKDW  ?ݐ RIVHFRQGVRUOHVVLVPRVWO\DUHDVRQDEOHFKRLFH 
$Q DOWHUQDWLYH DSSURDFK LV WR HYDOXDWH WKH ௖ܶ GHSHQGHQW YDULDEOHV DW WKH DYHUDJH௖ܶ௔௩ǡ ?௧ RI ௖ܶ௜ǡ ?௧ DQG ௖ܶ௙ǡ ?௧ RYHU HDFK  ?ݐ %HFDXVH RI WKH GHSHQGHQF\ RI VRPH
YDULDEOHVRQ ௖ܶWKHODWWHULVLWHUDWLYHO\DGMXVWHGRYHUHDFK  ?ݐ XQWLOERWKVLGHVRIWKH
QRQ-VWHDG\-VWDWHKHDWEDODQFHHTXDWLRQ-DUHHTXDO7KLVDSSURDFKLVH[SHFWHGWR
JLYHPRUHDFFXUDWHHVWLPDWHVRI ௖ܶDWDFRVWRIH[WUDFRPSXWDWLRQWLPH 
6.2.2. $QDO\WLFDOPHWKRGVIRUFRQGXFWRUWHPSHUDWXUHPRGHOOLQJ 
6.2.2.1. ,(((DQDO\WLFDOPHWKRG>@ 
7KH IRUFHGFRQYHFWLRQKHDW ORVV UDWHSHUXQLW OHQJWK ܳ௖௙ ܫଶ  ? ܴ DQG ܳ௦ DUH OLQHDU
ZLWK ௖ܶ ZKHUHDV WKH QDWXUDO FRQYHFWLRQ KHDW ORVV UDWH ܳ௖௡ DQG ܳ௥ DUH QRQOLQHDU
ZLWK ௖ܶ >@$VQRWHGLQ6HFWLRQ ܳ௖ LVGHWHUPLQHGDVWKHODUJHUYDOXHEHWZHHQܳ௖௡ DQG ܳ௖௙ LQ>@7KHUHIRUH ܳ௖ZLOOEHQRQ-OLQHDUZLWK ௖ܶ LILWLVDGHWHUPLQHG
E\ ܳ௖௡ WKURXJKRXWDVSHFLILHGWLPHSHULRGRUEGHWHUPLQHGE\ ܳ௖௙ DWWKHVWDUWRI
WKH WLPH SHULRG DQG WKHQ GHWHUPLQHG E\ ܳ௖௡ DW WKH FRQGXFWRU WHPSHUDWXUH ZKLFK
RFFXUVORQJDIWHUWKHVWHSFKDQJHLHWKHVWHDG\-VWDWHILQDOFRQGXFWRUWHPSHUDWXUH
$VVXPLQJ WKHVH QRQOLQHDU WHUPV WR EH OLQHDU ZLWK ௖ܶ  DQ DQDO\WLFDO PHWKRG LV
GHYHORSHGLQ,(((6WG>@WRHVWLPDWHWKHWUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUH
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DVDQH[SRQHQWLDOIXQFWLRQRIWLPHDIWHUWKHVWHSFKDQJHLQOLQHFXUUHQWEDVHGRQWKH
DVVXPSWLRQWKDWWKHFRQGXFWRULVLQWKHUPDOHTXLOLEULXPSULRUWRWKHVWHSRFFXUV 
௖ܶሺݐሻ ൌ ௖ܶ௜௦௦ ൅ ൫ ௖ܶ௙௦௦ െ ௖ܶ௜௦௦൯  ? ൫ ? െ ݁ି௧ ఛ ? ൯ - 
ZKHUH ௖ܶሺݐሻ LVWKHWUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHDWWLPH ݐ ௖ܶ௜௦௦ DQG ௖ܶ௙௦௦
UHSUHVHQWWKHVWHDG\-VWDWHFRQGXFWRUWHPSHUDWXUHVFRUUHVSRQGLQJWRWKHLQLWLDOFXUUHQWܫ௜ SULRUWRWKHVWHSRFFXUVDQGWKHILQDOFXUUHQW ܫ௙ DIWHUWKHVWHSFKDQJHUHVSHFWLYHO\
7KHWHUP ߬ LVDWKHUPDOWLPHFRQVWDQWDWZKLFKWKHFKDQJHLQFRQGXFWRUWHPSHUDWXUHሺ ௖ܶሺ߬ሻ െ ௖ܶ௜௦௦ሻ UHDFKHVRI ൫ ௖ܶ௙௦௦ െ ௖ܶ௜௦௦൯ DQGLVDSSUR[LPDWHO\HTXDOWR>@ 
߬ ൌ ൫ ௖ܶ௙௦௦ െ ௖ܶ௜௦௦൯  ? ݉  ? ܥ௣ሺ ௖ܶ௔௩௦௦ሻܴሺ ௖ܶ௔௩௦௦ሻ  ? ൫ܫ௙ଶ െ ܫ௜ଶ൯  - 
ZKHUH ܴ DQG ݉  ? ܥ௣ DUH HYDOXDWHG DW WKH DYHUDJH ௖ܶ௔௩௦௦ RI ௖ܶ௜௦௦ DQG ௖ܶ௙௦௦ 7KH
,(((DQDO\WLFDOPHWKRGRQO\FRQVLGHUV WKHVWHSFKDQJH LQ OLQHFXUUHQWDQGUHTXLUHV
WKHFRQGXFWRUWREHLQWKHUPDOHTXLOLEULXPDWWKHVWDUWRIWKHJLYHQWLPHSHULRG>@ 
6.2.2.2. &,*5(DQDO\WLFDOPHWKRG>@ 
7KH&,*5(DQDO\WLFDO PHWKRGHVWLPDWHV ௖ܶሺݐሻ DV DQ H[SRQHQWLDO IXQFWLRQRI WLPH
OLNHWKH,(((DQDO\WLFDOPHWKRGGRHVEXWFDOFXODWHVWKHWKHUPDOWLPHFRQVWDQWIRUWKH
FKDQJHLQHDFKRIWKHKHDWLQJDQGFRROLQJWHUPVVHSDUDWHO\ 
߬௫ ൌ ቤ൫é௙ െ é௜൯  ? ݉  ? ܥ௣ሺ ௖ܶ௜ሻ ? ௫ܳ ቤ - 
ZKHUH é௜ LVWKHULVHRIWKHLQLWLDOFRQGXFWRUWHPSHUDWXUH ௖ܶ௜ DERYHDLUWHPSHUDWXUH ௔ܶ é௙ LVWKHULVHDERYH ௔ܶ IRU ௖ܶ௙௦௦ WKDWLVHVWLPDWHGIURP ܫ௙  ? ௫ܳ UHSUHVHQWVWKHVWHSFKDQJHLQDSDUWLFXODUKHDWLQJRUFRROLQJWHUP ܳ௫ ݉  ? ܥ௣ሺ ௖ܶ௜ሻ LVWKHWRWDOKHDWFDSDFLW\RIWKHFRQGXFWRUHYDOXDWHGDW ௖ܶ௜ 
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7KH ULVH éሺݐሻ RI ௖ܶሺݐሻ DERYH ௔ܶ LV WKHQ PRGHOOHG DV DQ H[SRQHQWLDO IXQFWLRQ RI
WLPH éሺݐሻ ൌ é௙ െ ൫é௙ െ é௜൯  ? ݁ି௧ ఛ಻ ?  ? ݁ି௧ ఛೞ ?  ? ݁ି௧ ఛ೎ ?  ? ݁ି௧ ఛೝ ?   - 
ZKHUHWHUPV ߬௃ ߬௦ ߬௖ DQG ߬௥ UHSUHVHQWWKHWKHUPDOWLPHFRQVWDQWVIRUWKHFKDQJHV
LQ-RXOHKHDWJDLQUDWH  ? ௃ܳVRODUKHDWJDLQUDWH  ? ௦ܳFRQYHFWLRQKHDWORVVUDWH  ? ௖ܳ
DQG UDGLDWLRQ KHDW ORVV UDWH  ? ௥ܳ UHVSHFWLYHO\ (TXDWLRQ - FDQ EH HTXLYDOHQWO\
ZULWWHQDV éሺݐሻ ൌ é௜ ൅ ൫é௙ െ é௜൯  ? ൫ ? െ ݁ି௧ ఛ಻ ?  ? ݁ି௧ ఛೞ ?  ? ݁ି௧ ఛ೎ ?  ? ݁ି௧ ఛೝ ? ൯  - 
RU 
௖ܶሺݐሻ ൌ ௖ܶ௜ ൅ ൫ ௖ܶ௙௦௦ െ ௖ܶ௜൯  ? ൫ ? െ ݁ି௧ ఛ಻ ?  ? ݁ି௧ ఛೞ ?  ? ݁ି௧ ఛ೎ ?  ? ݁ି௧ ఛೝ ? ൯  - 
ZKLFKLVVLPLODUWRWKHIRUPRIHTXDWLRQ- 
6.2.2.3. (QKDQFHGDQDO\WLFDOPHWKRG 
7KH ,(((DQDO\WLFDOPHWKRG LVHQKDQFHGKHUH WRDGGLWLRQDOO\FRQVLGHUYDULDWLRQV LQ
ZHDWKHUFRQGLWLRQVDQGIXOILOWKHUHTXLUHPHQWRIWKHFRQGXFWRU¶VWKHUPDOHTXLOLEULXP
DWWKHVWDUWRIDVSHFLILHGWLPHSHULRG*LYHQ ௖ܶ௜ DQGZHDWKHUFRQGLWLRQV ݓܿ RYHUD
VSHFLILHGWLPHSHULRG ݐ݌WKHFRQGXFWRU¶VWKHUPDOHTXLOLEULXPDWWKHEHJLQQLQJRI ݐ݌
LVFUHDWHGE\LQIHUHQFHRIDQHTXLYDOHQWVWHDG\-VWDWHLQLWLDOOLQHFXUUHQW ܫ௜ǡ௘௤ EDVHGRQ
WKHVWHDG\-VWDWHKHDWEDODQFHHTXDWLRQ>@ ܫ௜ǡ௘௤ଶ ൌ ሼܳ௖ሺ ௖ܶ௜ǡ ݓܿሻ ൅ ܳ௥ሺ ௖ܶ௜ǡ ݓܿሻ െ ܳ௦ሺݓܿሻሽ ܴሺ ௖ܶ௜ሻ ?  - 
,Q WKLV PDQQHU WKH WUDQVLHQW-VWDWH LPSDFW RI WKH DFWXDO OLQH FXUUHQW DQG ZHDWKHU
FRQGLWLRQVSULRU WR ݐ݌ RQWKHFRQGXFWRULVFRQYHUWHGLQWRWKHVWHDG\-VWDWHLQIOXHQFH
RI ܫ௜ǡ௘௤ DQG ݓܿ $V D UHVXOW WKH HQKDQFHG DQDO\WLFDO PHWKRG VXFFHVVIXOO\ WDNHV
FKDQJHVRIZHDWKHUFRQGLWLRQVLQWRDFFRXQW 
,WLVQRWHGWKDWDQHJDWLYH ܫ௜ǡ௘௤ଶ  PD\EHREWDLQHGLQVRPHSDUWLFXODUFDVHVZKHUHIRU
H[DPSOHWKHUHLVDVLJQLILFDQWLQFUHDVHLQVRODUUDGLDWLRQRUDUHGXFLQJFRROLQJHIIHFW
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GXH WR DQ LQFUHPHQW LQ DLU WHPSHUDWXUH RU D GHFUHDVH LQ WKH µHIIHFWLYH¶ ZLQG VSHHG
SHUSHQGLFXODU WR WKH FRQGXFWRU $ QHJDWLYH YDOXH RI ܫ௜ǡ௘௤ଶ  PHDQV WKDW ݓܿ RYHU ݐ݌
DUHOHVVFRQGXFLYHWRFRROLQJWKHFRQGXFWRUDQG ௖ܶ ZLOOLQFUHDVHUDSLGO\DWDQHDUOLHU
VWDJHRI ݐ݌'XHWRWKDWDQLPDJLQDU\YDOXHRI ܫ௜ǡ௘௤ LVREWDLQHGIURPDQHJDWLYH ܫ௜ǡ௘௤ଶ 
WKHLQIHUUHG ܫ௜ǡ௘௤ଶ  LVGLUHFWO\XVHGWRGHWHUPLQHWKHWKHUPDOWLPHFRQVWDQW 
߬ ൌ ൫ ௖ܶ௙௦௦ െ ௖ܶ௜൯  ? ݉  ? ܥ௣ ൬ ௖ܶ௙௦௦ ൅ ௖ܶ௜ ? ൰ܴ ൬ ௖ܶ௙௦௦ ൅ ௖ܶ௜ ? ൰  ? ൫ܫ௙ଶ െ ܫ௜ǡ௘௤ଶ ൯  - 
ZKHUH WHUPV ݉  ? ܥ௣ DQG ܴ DUH DSSUR[LPDWHO\ HYDOXDWHG DW WKH DYHUDJH FRQGXFWRU
WHPSHUDWXUH ൫ ௖ܶ௙௦௦ ൅ ௖ܶ௜൯  ? ?  3OHDVH UHIHU WR $SSHQGL[ & ZKLFK JLYHV IRUPXOD
GHULYDWLRQVRI WKH WKHUPDO WLPHFRQVWDQW ߬ LQ WKHHQKDQFHGDQDO\WLFDOPHWKRG ,W LV
IRXQGWKDWWKHILQDOFRQGXFWRUWHPSHUDWXUHDWWKHHQGRI ݐ݌ ZRXOGEHRYHUHVWLPDWHG
E\ WKH HQKDQFHG DQDO\WLFDO PHWKRG XQGHU WKH DVVXPSWLRQ WKDW ܳ௖ DQG ܳ௥ OLQHDUO\
FKDQJHGZLWK ௖ܶ$VGHWDLOHGLQ$SSHQGL[&WKLVLVEHFDXVHWKHHQKDQFHGDQDO\WLFDO
PHWKRG HYDOXDWLQJ WKH DF UHVLVWDQFH ܴ DW ൫ ௖ܶ௙௦௦ ൅ ௖ܶ௜൯  ? ?  OHDGV WR D QRQ-QHJDWLYH
GLIIHUHQFH EHWZHHQ WKH RYHUHVWLPDWLRQV LQ WKH KHDW JDLQ UDWH  ?ܩܽ݅݊ DQG WKH
OLQHDUL]HGKHDWORVVUDWH  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗ QEDQHJDWLYH  ?ܩܽ݅ ݊ RU  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗ
PHDQVDQXQGHUHVWLPDWLRQDW ௖ܶ ZKLFKYDULHVEHWZHHQ ௖ܶ௜ DQG ௖ܶ௙௦௦  ?ܩܽ݅ ሺ݊ ௖ܶሻ െ  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሺ ௖ܶሻ ൌ ൫ܫ௙ଶ െ ܫ௜ǡ௘௤ଶ ൯  ? ቈܴ ൫ ௖ܶ௙௦௦൯ െ ܴሺ ௖ܶ௜ሻ ? ቉  ? ቆ ? െ ௖ܶ െ ௖ܶ௜௖ܶ௙௦௦ െ ௖ܶ௜ቇ - 
+RZHYHU LQDFWXDOLW\ WKHFKDQJHUDWHRI ܳ௥ LVQRWFRQVWDQWEXW LQFUHDVHVZLWK ௖ܶ
)XUWKHUPRUH DV QRWHG LQ 6HFWLRQ  ܳ௖  PD\ DOVR EH QRQ-OLQHDU ZLWK ௖ܶ 
7KHUHIRUH WKH HQKDQFHG DQDO\WLFDO PHWKRG PD\ XQGHUHVWLPDWH WKH ILQDO FRQGXFWRU
WHPSHUDWXUHDWWKHHQGRIWKHWLPHSHULRGJLYHQDFRQVLGHUDEOHRYHUHVWLPDWLRQLQWKH
FRROLQJWHUPVDIWHUWKHOLQHDUL]DWLRQ 
182 
 
6.2.3. 7KHVHFDQWPHWKRG 
6LQFH ௖ܶ௙௦௦ FDQQRW EH GLUHFWO\ VROYHG IURP WKH ILQDO OLQH FXUUHQW ܫ௙ DQG ZHDWKHU
FRQGLWLRQV ݓܿ YLDWKHVWHDG\-VWDWHKHDWEDODQFHHTXDWLRQ>@WKHYDOXHRI ௖ܶ௙௦௦ KDV
WREHLWHUDWLYHO\DGMXVWHGXQWLOWKHFDOFXODWHGOLQHFXUUHQWHTXDOVWKHJLYHQ ܫ௙ZKLFK
ZLOO LQFUHDVH FRPSXWDWLRQ WLPHRI WKH DQDO\WLFDO PHWKRG7KHXVHRI D URRW-ILQGLQJ
DOJRULWKPFDQTXLFNO\GHWHUPLQH ௖ܶ௙௦௦ DQGHIIHFWLYHO\UHGXFHVFRPSXWDWLRQWLPH 
7KH ELVHFWLRQ PHWKRG >@ LV D VLPSOH EXW UHODWLYHO\ VORZ URRW-ILQGLQJ DOJRULWKP
ZKLFKKDOYHVWKHVHDUFKVSDFHDWHDFKLWHUDWLRQ1HZWRQ¶VPHWKRG>@KDVDIDVWHU
FRQYHUJHQFH SURFHVV EXW UHTXLUHV WKH GHULYDWLYH RI WKH IXQFWLRQ WR EH NQRZQ
1HZWRQ¶VPHWKRGPD\EHQRWDSSOLFDEOHLQ WKLVFDVHVLQFHLW LVGLIILFXOW WRHYDOXDWH
WKH GHULYDWLYH RI WKH VWHDG\-VWDWH KHDW EDODQFH HTXDWLRQ ZLWK UHVSHFW WR FRQGXFWRU
WHPSHUDWXUH-XVWDVWKHGHULYDWLYHRIWKHIXQFWLRQLVUHSUHVHQWHGE\WDQJHQWOLQHVLQ
1HZWRQ¶V PHWKRG WKH VHFDQW PHWKRG DSSUR[LPDWHV WKH GHULYDWLYH E\ VHFDQW OLQHV
>@7KRXJKWKHVHFDQWPHWKRGLV OLNHO\WRUHTXLUHPRUHLWHUDWLRQVWKDQ1HZWRQ¶V
PHWKRGLWGRHVQRWQHHGWRFDOFXODWHWKHGHULYDWLYHDQGKDVDIDVWHUFRQYHUJHSURFHVV
WKDQWKHELVHFWLRQPHWKRG 
:KHQ XVLQJ WKH VHFDQW PHWKRG WR GHWHUPLQH ௖ܶ௙௦௦  WKH IXQFWLRQ ܨଵ RI ௖ܶ௙௦௦  LV
GHILQHGDV WKHGLIIHUHQFHEHWZHHQ WKHVTXDUHRI WKHJLYHQ ܫ௙ DQG WKHVTXDUHRI WKH
VWHDG\-VWDWH OLQH FXUUHQW HVWLPDWHG IURP DQ DVVXPHG ௖ܶ௙௦௦ DQG ݓܿ $ WHUPLQDWLRQ
FULWHULRQRI หܨଵ൫ ௖ܶ௙௦௦൯ห ൏  ?Ǥ ?ܣଶ LVIRXQGLQWKHWHVWVFRQGXFWHGKHUHWREHVXIILFLHQW
IRU WKHVHFDQWPHWKRGWRSURGXFHDQDFFXUDF\RI  ? ൈ ? ?ିସԨ7ZRLQLWLDO LWHUDWLRQV
DUH FDUULHG RXW DW WKH DLU WHPSHUDWXUH DQG D PD[LPXP DOORZDEOH FRQGXFWRU
WHPSHUDWXUH ௖ܶ௠௔௫ UHVSHFWLYHO\ 
7KHVHFDQWPHWKRG LVDOVRHPSOR\HG WRDGMXVW WKH WUDQVLHQW-VWDWH'/5 ܫ௧௦ XQWLO WKH
FDOFXODWHG WUDQVLHQW-VWDWH ILQDO FRQGXFWRU WHPSHUDWXUH ௖ܶ௙௧௦ UHDFKHV ௖ܶ௠௔௫  DW WKH
HQGRIDVSHFLILHGIXWXUHWLPHSHULRGLHDQGPLQXWHVLQWKLVVWXG\7KH
IXQFWLRQ ܨଶሺܫ௧௦ሻ LQ WKH VHFDQW PHWKRG LV GHILQHG DV WKH GHYLDWLRQ EHWZHHQ ௖ܶ௠௔௫
183 
 
DQG ௖ܶ௙௧௦ WKDW LV HVWLPDWHG IURP DQ DVVXPHG ܫ௧௦ ௖ܶ௜ DQG ZHDWKHU IRUHFDVWV XVLQJ
WKH HQKDQFHG DQDO\WLFDO PHWKRG 7KH LWHUDWLYH FDOFXODWLRQ LV WHUPLQDWHG ZKHQȁܨଶሺܫ௧௦ሻȁ ൏  ?Ǥ ? ? ?Ԩ 
6.2.4. 7UDQVLHQW-VWDWH'/5IRUHFDVWVDQGFRQVWUDLQWV 
&KDQJHVLQZHDWKHUIRUHFDVWVDWHDFKIXWXUHWLPHXSWRWKUHH-PLQXWHVWLPHVWHSV
DKHDGDUHFRQVLGHUHGWRSUHGLFWWUDQVLHQW-VWDWH'/5V*LYHQDQDVVXPHG-PLQXWH
WUDQVLHQW-VWDWH '/5 IRUHFDVW ܫ௧௦ǡଷ WKH -PLQXWH-DKHDG ZHDWKHU IRUHFDVWV ݓ ଵ݂ DUH
ILUVW XVHG WR HVWLPDWH WKH JURZWK LQ ௖ܶ IURP WKH LQLWLDO WHPSHUDWXUH ௖ܶ௜ WR ௖ܶଵ଴ DW
WKHHQGRIWKHILUVWIXWXUHPLQXWHVZKLFKWKHQLQFUHDVHVWR ௖ܶଶ଴ DWWKHHQGRIWKH
VHFRQG IXWXUH  PLQXWHV XQGHU WKH -PLQXWH-DKHDG ZHDWKHU IRUHFDVWV ݓ ଶ݂ WKH
-PLQXWH-DKHDGZHDWKHUIRUHFDVWV ݓ ଷ݂ DUHILQDOO\XVHGWRGHWHUPLQHWKHLQFUHDVHLQ௖ܶ IURP ௖ܶଶ଴ WR ௖ܶଷ଴ 
$KLJKHUOHYHORIWUDQVLHQW-VWDWH'/5LVJHQHUDOO\REWDLQHGIRUDVKRUWHUWLPHSHULRG
7KHUHODWLRQVKLSVDPRQJWUDQVLHQW-VWDWH'/5VIRUXSWRDKDOIKRXUDKHDG ܫ௧௦ǡଵ ܫ௧௦ǡଶ
DQG ܫ௧௦ǡଷ  VKRXOG EH VXFK WKDW ܫ௧௦ǡଵ ൒ ܫ௧௦ǡଶ ൒ ܫ௧௦ǡଷ  2WKHUZLVH ௖ܶ௠௔௫  ZRXOG EH
H[FHHGHG ,Q VRPH H[WUHPH FDVHV ZKHUH IRU H[DPSOH ݓ ଷ݂  SURYLGHV PRUH
VLJQLILFDQW FRROLQJ RQ WKH FRQGXFWRU WKDQ ݓ ଶ݂ WKH FDOFXODWHG ܫ௧௦ǡଷ PD\ EH JUHDWHU
WKDQ ܫ௧௦ǡଶ ZKLFK OHDGV WR ௖ܶ H[FHHGLQJ ௖ܶ௠௔௫ DW WKH HQG RI WKH  PLQXWH SHULRG
DQG WKHQ UHGXFLQJ WR ௖ܶ௠௔௫ DW WKH HQG RI  PLQXWHV 7DEOH - VKRZV WKDW WKH
VWHDG\-VWDWH'/5DW VSDQ&4-&4FDOFXODWHG IRU±RQ
ZDVPXFKKLJKHUWKDQWKDWIRU±PHDQLQJWKDWZHDWKHUFRQGLWLRQVRYHU
±ZHUHPXFKPRUHFRQGXFLYHWRFRROLQJWKHFRQGXFWRU,QWKLVH[WUHPH
FDVH ܫ௧௦ǡଷ HVWLPDWHGIRUWKHSHULRGRI±ZDVJUHDWHUWKDQ ܫ௧௦ǡଶ HVWLPDWHG
IRU WKH SHULRG RI  ±  )LJ - VKRZV WKDW WKH FRQGXFWRU WHPSHUDWXUH RI
VSDQ &4-&4 RSHUDWHG DW WKH XQUHVWULFWHG ܫ௧௦ǡଷ ZRXOG H[FHHG ௖ܶ௠௔௫ DW 
DQG WKHQ GHFUHDVH WR ௖ܶ௠௔௫ DW  7KHUHIRUH YDOXHV RI ܫ௧௦ǡଶ DQG ܫ௧௦ǡଷ PXVW EH
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OLPLWHGWRWKHFDOFXODWHG ܫ௧௦ǡଵ DQGWKHFDOFXODWHGRUUHVWULFWHG ܫ௧௦ǡଶ UHVSHFWLYHO\VRDV
WRDYRLGWKHULVNRI ௖ܶ௠௔௫ EHLQJH[FHHGHGLQVXFKH[WUHPHFDVHV 
7DEOH - 7KH -PLQXWH -PLQXWH DQG -PLQXWH WUDQVLHQW-VWDWH '/5V ܣ DQG WKH VWHDG\-VWDWH
'/5ܣIRUHDFK-PLQXWHSHULRGGXULQJ±RQIRUVSDQ&4-&4 
7LPHSHULRG 6WHDG\-VWDWH'/5 7LPHKRUL]RQ 7UDQVLHQW-VWDWH'/5 
±  ? ? ?Ǥ ?ܣ PLQXWHV  ? ? ?Ǥ ?ܣ 
±  ? ? ?Ǥ ?ܣ PLQXWHV  ? ? ?Ǥ ?ܣ 
±  ? ? ?Ǥ ?ܣ PLQXWHV  ? ? ?Ǥ ?ܣ 
 
)LJ - 7UDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUHV RI VSDQ &4-&4 RSHUDWHG DW WKH XQUHVWULFWHG
-PLQXWHWUDQVLHQW-VWDWH'/5GHULYHGIURPZHDWKHUREVHUYDWLRQVGXULQJ±RQ 
,Q0RQWH&DUORVLPXODWLRQVDPSOHGYDOXHVRI-PLQXWH-PLQXWHDQG-PLQXWH
WUDQVLHQW-VWDWH'/5IRUHFDVWVIRUDSDUWLFXODUVSDQLQSUR[LPLW\WRDZHDWKHUVWDWLRQ
DUHGHWHUPLQHGIURPUDQGRPZHDWKHUVDPSOHVWKDWDUHJHQHUDWHGIURPWKHPRGHOOHG
SUHGLFWLYHGLVWULEXWLRQVIRUXSWRVWHSVKDOIKRXUDKHDGLQHDFKRI  ? ?ସ JHQHUDWHG
VFHQDULRV 7ZR LQLWLDO LWHUDWLRQV LQ WKH VHFDQW PHWKRG IRU GHWHUPLQLQJ ܫ௧௦ǡଵ  DUH
FDUULHG RXW DW WKH -PLQXWH-DKHDG VWHDG\-VWDWH '/5 ܫ௦௦ǡଵ  DQG  ?Ǥ ?ܫ௦௦ǡଵ  :KHQ
GHWHUPLQLQJ ܫ௧௦ǡଶ DQG ܫ௧௦ǡଷ WZR LQLWLDO LWHUDWLRQV DUH FDUULHG RXW DW WKH FDOFXODWHG
-PLQXWH-DKHDG VWHDG\-VWDWH '/5 ܫ௦௦ǡଶ  DQG ܫ௧௦ǡଵ  DQG WKH -PLQXWH-DKHDG
VWHDG\-VWDWH'/5 ܫ௦௦ǡଷ DQG ܫ௧௦ǡଶ UHVSHFWLYHO\ 
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6.3. 5HVXOWVDQG0RGHO9DOLGDWLRQ 
7KHDFFXUDFLHVRIFRQYHQWLRQDODSSURDFKHVDQGDQDO\WLFDOPHWKRGVLQWUDQVLHQW-VWDWH
FRQGXFWRU WHPSHUDWXUH PRGHOOLQJ DUH ILUVW DVVHVVHG EDVHG RQ WKH H[SHULPHQWDO GDWD
IRUD µ'UDNH¶FRQGXFWRUXVHG LQ WKH WUDQVLHQW-VWDWHFDOFXODWLRQH[DPSOHJLYHQ LQ >@
DQG DOVR WKH PHDVXUHG ZHDWKHU GDWD DQG OLQH FXUUHQWV IRU WZR SDUWLFXODU VSDQV LH
&4-&4DQG$&-$&%FRPSULVLQJGLIIHUHQWFRQGXFWRUVDQGLQSUR[LPLW\
WRZHDWKHU VWDWLRQV7KHSURFHVVRI HVWLPDWLQJSUREDELOLVWLF IRUHFDVWVRI -PLQXWH
-PLQXWHDQG-PLQXWH'/5VLVWKHQGHWDLOHGIROORZHGE\DQDVVHVVPHQWLQWHUPV
RIWKHIRUHFDVWDFFXUDF\DQGWKHFDOLEUDWLRQRISUREDELOLVWLFIRUHFDVWV 
6.3.1. $VVHVVPHQWRIFRQYHQWLRQDODQGDQDO\WLFDOPHWKRGV 
7KH LQIOXHQFH RI WLPH LQWHUYDO  ?ݐ RQ WKH WZR FRQYHQWLRQDO DSSURDFKHV LH
HYDOXDWLQJWKH ௖ܶ GHSHQGHQWYDULDEOHVDWWKHLQLWLDOFRQGXFWRUWHPSHUDWXUH ௖ܶ௜ǡ ?௧ RU
WKH DYHUDJH FRQGXFWRU WHPSHUDWXUH ௖ܶ௔௩ǡ ?௧ ൌ ൫ ௖ܶ௜ǡ ?௧ ൅ ௖ܶ௙ǡ ?௧൯  ? ?  RYHU HDFK  ?ݐ LV
DVVHVVHGKHUHEDVHGRQWKHH[SHULPHQWDOGDWDXVHGLQWKHFDOFXODWLRQH[DPSOHJLYHQ
LQ>@DVWDEXODWHGLQ7DEOH- 
7DEOH - :HDWKHU GDWD DQG OLQH FXUUHQWV LQ WKUHH VXEVHTXHQW -PLQXWH SHULRGV LQ WKH FDOFXODWLRQ
H[DPSOHJLYHQLQ>@ 
7LPH3HULRGV 
݄݄ǣ ݉݉ $LU7HPSHUDWXUH Ԩ :LQG6SHHG ݉ ݏ ?  $WWDFN$QJOH ݀݁݃ݎ݁݁ 6RODU5DGLDWLRQ ܹ ݉ଶ ?  &XUUHQW ܣ 
3ULRUWR      
±      
±      
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7KH WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUHV HVWLPDWHG E\ GLIIHUHQW FRQYHQWLRQDO
DSSURDFKHV WKDW XVH ௖ܶ௜ǡ ?௧  RU ௖ܶ௔௩ǡ ?௧  ZLWK D -VHFRQG RU -PLQXWH  ?ݐ DUH
FRPSDUHGLQ)LJ- 
 
)LJ - 7UDQVLHQW-VWDWH WHPSHUDWXUHV RI WKH µ'UDNH¶ FRQGXFWRU PRGHOOHG E\ GLIIHUHQW FRQYHQWLRQDO
DSSURDFKHV 
7KH DQDO\VLV UHVXOWV VKRZ WKDW D JLYHQ D UHODWLYHO\ VLJQLILFDQW JURZWK LQ FXUUHQW
DQGRU UHGXFWLRQ LQ ZLQG FRROLQJ RQ WKH FRQGXFWRU WKH ௖ܶ௜ǡ ?௧-EDVHG FRQYHQWLRQDO
DSSURDFK ZLWK D -PLQXWH  ?ݐ ZLOO RYHUHVWLPDWH ௖ܶ  GXH WR WKH FRROLQJ WHUPV
HYDOXDWHG DW ௖ܶ௜ǡ ?௧ EHLQJ XQGHUHVWLPDWHG RYHU HDFK  ?ݐ DQG E WKH XVH RI ௖ܶ௔௩ǡ ?௧
UHVXOWV LQ WKH FRQYHQWLRQDO DSSURDFKHV ZLWK GLIIHUHQW  ?ݐ EHLQJ ERWK UHDVRQDEO\
DFFXUDWHDQGFRQVHUYDWLYHLQWKLVFDVH 
)LJ-VKRZVWKHWUDQVLHQW-VWDWHWHPSHUDWXUHVRIWKHµ'UDNH¶FRQGXFWRUPRGHOOHGE\
WKH&,*5(DQDO\WLFDOPHWKRGDQG WKH HQKDQFHG DQDO\WLFDOPHWKRG %RWK DQDO\WLFDO
PHWKRGVFDOFXODWH WKHKHDWLQJDQGFRROLQJ WHUPV LQHTXDWLRQV-DQG -XVLQJ
WKHIRUPXODHSURYLGHGLQ,(((6WG>@ 
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)LJ-7UDQVLHQW-VWDWHWHPSHUDWXUHVRIWKHµ'UDNH¶FRQGXFWRUPRGHOOHGE\DQDO\WLFDOPHWKRGV 
7KH WUDQVLHQW-VWDWH ௖ܶ  DW  ௖ܶሺ ? ?ǣ  ? ?ሻ HVWLPDWHG E\ WKH &,*5( DQDO\WLFDO
PHWKRG LV IRXQG WREH  ?Ǥ ?Ԩ ORZHU WKDQ WKDW WUDFNHGE\ WKHFRQYHQWLRQDODSSURDFK
XVLQJ ௖ܶ௜ǡ ?௧ ZLWKD-PLQXWH  ?ݐ7KHGHYLDWLRQLVYHU\FORVHWRWKHHUURUREWDLQHGLQ
WKH FDOFXODWLRQ H[DPSOH JLYHQ LQ >@ ZKLFK XVHG WKH &,*5( IRUPXODH WR HYDOXDWH
KHDWLQJ DQG FRROLQJ WHUPV &RPSDUHG ZLWK WKH EHQFKPDUN DGRSWHG KHUH WKH
HQKDQFHG DQDO\WLFDO PHWKRG VKRZV D KLJKHU DFFXUDF\ WKDQ WKH &,*5( DQDO\WLFDO
PHWKRG)XUWKHUPRUH WKHHQKDQFHGDQDO\WLFDOPHWKRGRYHUHVWLPDWHV ௖ܶሺ ? ?ǣ  ? ?ሻ E\
DURXQG  ?Ǥ ?Ԩ LQ WKLVFDVHZKHUH WKHFRROLQJRQ WKHFRQGXFWRU LVGRPLQDWHGE\ WKH
IRUFHG FRQYHFWLRQ KHDW ORVV UDWH ZKLFK OLQHDUO\ FKDQJHV ZLWK ௖ܶ 7KH HQKDQFHG
DQDO\WLFDOPHWKRG¶VRYHUHVWLPDWLRQKDVEHHQH[SODLQHGLQ6HFWLRQDQGDOVRLQ
$SSHQGL[& 
,WLVQRWHGWKDWWKHWRWDOKHDWFDSDFLW\ ݉  ? ܥ௣ RIWKHFRQGXFWRUZKLFKVKRXOGLQFUHDVH
ZLWK ௖ܶ >@ LV DVVXPHG WREH D FRQVWDQWYDOXH HYDOXDWHGDW ൫ ௖ܶ௜ ൅ ௖ܶ௙௦௦൯  ? ?  LQ WKH
HQKDQFHG DQDO\WLFDO PHWKRG 7KLV DVVXPSWLRQ PD\ KDYH OLWWOH LPSDFW RQ WKH ௖ܶ
PRGHOOLQJ VLQFH DQ LQFUHPHQW RI  Ԩ  LQ ௖ܶ  LQFUHDVHV ݉  ? ܥ௣  RI WKH µ'UDNH¶
FRQGXFWRUVOLJKWO\E\DURXQGZKLFKLVPXFKVPDOOHU WKDQWKHFRUUHVSRQGLQJ
LQFUHDVHRILQWKHDFUHVLVWDQFH 
188 
 
6.3.2. 7UDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHPRGHOOLQJ 
7KHWUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHV ௖ܶ RIVSDQV&4-&4µ/\Q[¶$&65 ? ? ?݉ ݉ଶ FRQGXFWRUVDQG$&-$&%µ3RSODU¶$$$&  ? ? ?݉ ݉ଶ FRQGXFWRUV
LQSUR[LPLW\WRZHDWKHUVWDWLRQVDQGDUHVWXGLHG6LQFHWKHGLUHFWPRQLWRULQJRI௖ܶ LVQRWDYDLODEOH WKH WUDQVLHQW-VWDWH ௖ܶ HVWLPDWHG IURP WKHPHDVXUHG OLQHFXUUHQW
DQGZHDWKHUGDWDE\ WKH ௖ܶ௔௩ǡ ?௧-EDVHGFRQYHQWLRQDO DSSURDFKZLWK D-VHFRQG  ?ݐ
LV UHJDUGHGDV WKHDFWXDO ௖ܶ DQGXVHGDVDEHQFKPDUN7KH-PLQXWHDYHUDJH OLQH
FXUUHQWXVHGLQ>@LVFRQYHUWHGWR-PLQXWHLQWHUYDOVLQFRPPRQZLWKWKDWRIWKH
ZHDWKHU GDWD XVLQJ D OLQHDU LQWHUSRODWLRQ >@ 7KH YDULDWLRQ LQ ௖ܶ  RYHU HDFK
-PLQXWH SHULRG LV WUDFNHG E\ WKH ௖ܶ௜ǡ ?௧-EDVHG FRQYHQWLRQDO DSSURDFK ZLWK D
-VHFRQG  ?ݐ DQGDOVRE\WKHHQKDQFHGDQDO\WLFDOPHWKRGEDVHGRQWKHµDFWXDO¶ ௖ܶ
DW WKH VWDUW RI WKH SHULRG WKDW LV FRPELQHG ZLWK WKH FRUUHVSRQGLQJ PHDVXUHG OLQH
FXUUHQWDQGZHDWKHUGDWD)LJ-VKRZVGLVWULEXWLRQVRIHUURUVRIWKHWUDQVLHQW-VWDWH
ILQDOFRQGXFWRUWHPSHUDWXUH ௖ܶ௙௧௦ DWWKHHQGRIHDFK-PLQXWHSHULRGPRGHOOHGE\
WKH WZRPHWKRGVGXULQJ WR IRUGLIIHUHQW VSDQV7KHDYHUDJH
FRPSXWDWLRQWLPHXVHGE\ WKH ௖ܶ௜ǡ ?௧-EDVHGFRQYHQWLRQDODSSURDFKZLWKD-VHFRQG ?ݐ DQG WKH HQKDQFHG DQDO\WLFDO PHWKRG LV DURXQG  ?Ǥ ? ൈ ? ?ିଷݏ DQG  ?Ǥ ? ൈ ? ?ିସݏ
UHVSHFWLYHO\ 7KH FRPSXWHU EHLQJ XVHG IRU WKH WUDQVLHQW FDOFXODWLRQ KDV D -ELW
RSHUDWLQJV\VWHP*%RI5$0DQGDQ,QWHO&RUHL-*+]SURFHVVRU 
 
)LJ - 'LVWULEXWLRQV RI ௖ܶ௙௧௦ HUURUV PRGHOOHG E\ WKH ௖ܶ௜ǡ ?ݐ-EDVHG FRQYHQWLRQDO DSSURDFK ZLWK D
-VHFRQG  ?ݐ DQGWKHHQKDQFHGDQDO\WLFDOPHWKRGIRUVSDQV&4-&4DQG$&-$&% 
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7KH ௖ܶ௜ǡ ?௧-EDVHG FRQYHQWLRQDO DSSURDFK LV IRXQG WR RYHUHVWLPDWH WKH JURZWK RU
UHGXFWLRQ LQ ௖ܶ௙௧௦ WRGLIIHUHQW H[WHQWV GHSHQGLQJRQ WKH OHYHO RIYDULDWLRQV LQ OLQH
FXUUHQWDQGZHDWKHUFRQGLWLRQV7KHHQKDQFHGDQDO\WLFDOPHWKRGLVJHQHUDOO\VKRZQ
WR SURGXFH PRUH DFFXUDWH HVWLPDWHV RI ௖ܶ௙௧௦ )XUWKHUPRUH ௖ܶ௙௧௦ PRGHOOHG E\ WKH
HQKDQFHGDQDO\WLFDOPHWKRG LVPRVWO\ JUHDWHU WKDQRU HTXDO WR WKHDFWXDOYDOXH$V
QRWHG LQ6HFWLRQ ௖ܶ௙௧௦ ZRXOGEHRYHUHVWLPDWHGE\ WKH HQKDQFHG DQDO\WLFDO
PHWKRGXQGHUWKHDVVXPSWLRQWKDWWKHFRROLQJWHUPVOLQHDUO\YDULHGZLWK ௖ܶ*LYHQD
VOLJKWRYHUHVWLPDWLRQLQWKHFRROLQJWHUPVDIWHUWKHOLQHDUL]DWLRQLQPRVWFDVHV ௖ܶ௙௧௦
ZRXOGWKHQEHRYHUHVWLPDWHG 
,Q VRPH SDUWLFXODU FDVHV KRZHYHU WKH HQKDQFHG DQDO\WLFDO PHWKRG XQGHUHVWLPDWHV௖ܶ௙௧௦ RI &4-&4 E\ JUHDWHU WKDQ  ?Ǥ ? ?Ԩ ,W LV IRXQG WKDW LQ WKHVH SDUWLFXODU
FDVHVWKHFRQYHFWLRQKHDWORVVUDWHV ܳ௖ HYDOXDWHGDW ௖ܶ௜ DQG ௖ܶ௙௦௦ DUHGHWHUPLQHG
E\WKHIRUFHGFRQYHFWLRQKHDWORVVUDWH ܳ௖௙ሺ ௖ܶ௜ሻ DQGWKHQDWXUDOFRQYHFWLRQKHDWORVV
UDWH ܳ௖௡൫ ௖ܶ௙௦௦൯ UHVSHFWLYHO\ )LJ - FRPSDUHV WKH JURZWKV RI ܳ௖௡ ܳ௖௙ DQG WKH
OLQHDUOL]HG ܳ௖ GHQRWHGE\ ܳ௖ǡ௟௜௡௘௔௥௜௭௘ௗZLWK ௖ܶ א ൣ ௖ܶ௜ǡ ௖ܶ௙௦௦൧ DQGDOVRVKRZVWKH
RYHUHVWLPDWLRQLQ ܳ௖ LQDSDUWLFXODUFDVHZKHUH ௖ܶ௙௧௦ RI&4-&4RYHU±
RQLVXQGHUHVWLPDWHGE\WKHHQKDQFHGDQDO\WLFDOPHWKRG 
 
)LJ-7KHIRUFHGQDWXUDODQGOLQHDUL]HGFRQYHFWLRQKHDWORVVUDWHVDQGWKHRYHUHVWLPDWLRQDIWHUWKH
OLQHDUL]DWLRQLQDSDUWLFXODUFDVHZKHUH ௖ܶ௙௧௦ RIVSDQ&4-&4RYHU±RQ
LVXQGHUHVWLPDWHGE\WKHHQKDQFHGDQDO\WLFDOPHWKRG 
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)LJ - FRPSDUHV WKH RYHUHVWLPDWLRQV LQ ܳ௖ሺ ௖ܶሻ DQG ܳ௥ሺ ௖ܶሻ ZLWK WKH YDOXHV RI൫ ?ܩܽ݅ ሺ݊ ௖ܶሻ െ  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሺ ௖ܶሻ൯ LQWKLVFDVH%HIRUH ௖ܶ UHDFKHV ௖ܶ௙௧௦ ൌ  ?Ǥ ? ?Ԩ൫ ?ܩܽ݅ ሺ݊ ௖ܶሻ െ  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሺ ௖ܶሻ൯  LV PXFK JUHDWHU WKDQ WKH RYHUHVWLPDWLRQ LQܳ௥ሺ ௖ܶሻ EXW VLJQLILFDQWO\ H[FHHGHG E\ WKH RYHUHVWLPDWLRQ LQ ܳ௖ሺ ௖ܶሻ ZKHQ ௖ܶ  LV
DERYHDFHUWDLQ OHYHO7KH WRWDORYHUHVWLPDWLRQ LQ ሺܳ௖ ൅ ܳ௥ሻ DIWHU WKH OLQHDUL]DWLRQ
H[FHHGLQJ ሺ ?ܩܽ݅݊ െ  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሻ RYHU D JLYHQ WLPH SHULRG ZRXOG OHDG WR DQ
XQGHUHVWLPDWHG ௖ܶ௙௧௦ DWWKHHQGRIWKHWLPHSHULRG 
 
)LJ-&RPSDULVRQRI ሺ ?ܩܽ݅݊ െ  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሻ DJDLQVWRYHUHVWLPDWLRQVLQ ܳ௖ DQG ܳ௥  DIWHUWKH
OLQHDUL]DWLRQLQDSDUWLFXODUFDVHZKHUHWKHHQKDQFHGDQDO\WLFDOPHWKRGXQGHUHVWLPDWHV ௖ܶ௙௧௦ RIVSDQ
&4-&4RYHU±RQ 
6.3.3. (QKDQFHGDQDO\WLFDOPHWKRGEDVHGWUDQVLHQW-VWDWH'/5HVWLPDWLRQ 
$VQRWHGDERYHWKHHQKDQFHGDQDO\WLFDOPHWKRGLVOLNHO\WRRYHUHVWLPDWHWKHJURZWK
LQ ௖ܶ௙௧௦ DIWHUDQLQFUHDVHLQOLQHFXUUHQW7KHUHIRUHWKHVKRUW-WHUPRUWUDQVLHQW-VWDWH
'/5GHWHUPLQHGIRUDJLYHQVKRUWSHULRGEDVHGRQ WKHHQKDQFHGDQDO\WLFDOPHWKRG
PD\ EH XQGHUHVWLPDWHG GXH WR WKH DFWXDO ௖ܶ௙௧௦ QRW LQFUHDVLQJ WR WKH PD[LPXP
DOORZDEOHOLPLW ௖ܶ௠௔௫)LJ-VKRZVWKHGLVWULEXWLRQVRIGHYLDWLRQVEHWZHHQ ௖ܶ௠௔௫
DQG WKH µDFWXDO¶ ௖ܶ௙௧௦ DW WKH HQG RI WKH JLYHQ WLPH SHULRGV XQGHU WKH -PLQXWH
-PLQXWHDQG-PLQXWH'/5VWKDWDUHHVWLPDWHGIURPZHDWKHUREVHUYDWLRQVXVLQJ
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WKH HQKDQFHG DQDO\WLFDO PHWKRG IRU WKH WZR VSDQV 7KH FDVHV RI -PLQXWH DQG
-PLQXWH'/5VEHLQJUHVWULFWHGDUHRPLWWHGKHUHVLPSO\IRUEUHYLW\ 
 
)LJ-'LVWULEXWLRQVRIGLIIHUHQFHVEHWZHHQ ௖ܶ௠௔௫  DQGWKHµDFWXDO¶ ௖ܶ௙௧௦ DWWKHHQGRI-PLQXWH
-PLQXWH DQG -PLQXWH SHULRGV XQGHU WKH FRUUHVSRQGLQJ HQKDQFHG DQDO\WLFDO PHWKRG EDVHG
WUDQVLHQW-VWDWH'/5VIRUWZRVSDQV 
7KHILQDO WHPSHUDWXUH ௖ܶ௙௧௦ RI WKHFRQGXFWRURSHUDWHGDW WKH OHYHORI WKHHQKDQFHG
DQDO\WLFDO PHWKRG EDVHG WUDQVLHQW-VWDWH '/5 HVSHFLDOO\ WKH -PLQXWH UDWLQJ GRHV
QRW UHDFK ௖ܶ௠௔௫ IRU PRVW RI WKH WLPH $ VPDOOHU GHYLDWLRQ IURP ௖ܶ௠௔௫ LV PRVWO\
REVHUYHGDW WKHHQGRIWKH-PLQXWHSHULRGVLQFHWKHFRQGXFWRUKDVDORQJWLPHWR
UHVSRQG WR WKH VLJQLILFDQW LQFUHDVH LQ OLQH FXUUHQW 7KHUHIRUH WUDQVLHQW-VWDWH '/5V
HVWLPDWHGRQWKHEDVLVRIWKHHQKDQFHGDQDO\WLFDOPHWKRGDUHXVXDOO\FRQVHUYDWLYH,W
LV QRWHG WKDW ௖ܶ௠௔௫ LV VOLJKWO\ H[FHHGHG LQ D IHZ FDVHV GXH WR WKH RYHUHVWLPDWHG
FRROLQJRQWKHFRQGXFWRUDIWHUWKHOLQHDUL]DWLRQZKLFKKDVEHHQGLVFXVVHGLQ6HFWLRQ
 )RUWXQDWHO\ WKH FUHDWHG  ?Ԩ VDIHW\ EXIIHU UHODWLYH WR WKH RULJLQDO PD[LPXP
OLPLW>@LVJUHDWHUWKDQWKHVHH[FHHGDQFHV 
6.3.4. $VVHVVPHQWRISUREDELOLVWLFIRUHFDVWLQJRIWUDQVLHQW-VWDWH'/5 
,Q 0RQWH &DUOR VLPXODWLRQ UDQGRP VDPSOHV RI DLU WHPSHUDWXUH DQG ZLQG VSHHG
JHQHUDWHGIURPWKHPRGHOOHGSUHGLFWLYHGLVWULEXWLRQV IRUXS WRPLQXWHV VWHSV
DKHDGRYHUDSDUWLFXODU IXWXUHKDOI-KRXUSHULRGDUHSDLUHG WRKDYH UDQNFRUUHODWLRQV
VLPLODUWR WKRVHDPRQJWKHLUREVHUYDWLRQVZLWKLQWKHPRVWUHFHQWGD\V)LJV-
DQG - VKRZ WKDW WKH SDLUHG UDQGRP ZHDWKHU VDPSOHV DW WKH VDPH DQG GLIIHUHQW
IXWXUH PRPHQWV KDYH UDQN FRUUHODWLRQV TXLWH FORVH WR WKRVH FRPSXWHG IURP WKHLU
UHFHQW REVHUYDWLRQV DW VSDQV &4-&4 DQG $&-$&% )XUWKHUPRUH WKH
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SDLUHG UDQGRPVDPSOHVRI WKHVDPHZHDWKHUSDUDPHWHU DWGLIIHUHQW IXWXUHPRPHQWV
VKRZDVLJQLILFDQWFRUUHODWLRQ 
 
)LJ - 5DQN FRUUHODWLRQV EHWZHHQ XQSDLUHG SDLUHG UDQGRP VDPSOHV RI DLU WHPSHUDWXUH DQG ZLQG
VSHHGIRUHFDVWVIRUXSWRVWHSVDKHDGLH ௔ܶ௜  DQG ݓ௦ǡ௜ ݅ ൌ  ?ǡ  ?ǡ  ?DQGWKHLUKLVWRULFREVHUYDWLRQV
ZLWKLQWKHPRVWUHFHQWGD\VDWZHDWKHUVWDWLRQVSDQ&4-&4 
 
)LJ - 5DQN FRUUHODWLRQV EHWZHHQ XQSDLUHG SDLUHG UDQGRP VDPSOHV RI DLU WHPSHUDWXUH DQG ZLQG
VSHHGIRUHFDVWVIRUXSWRVWHSVDKHDGLH ௔ܶǡ௜ DQG ݓ௦ǡ௜ ݅ ൌ  ?ǡ  ?ǡ  ?DQGWKHLUKLVWRULFREVHUYDWLRQV
ZLWKLQWKHPRVWUHFHQWGD\VDWZHDWKHUVWDWLRQVSDQ$&-$&% 
7KHVDPSOHGYDOXHVRIWKH-PLQXWH-PLQXWHDQG-PLQXWHWUDQVLHQW-VWDWH'/5
IRUHFDVWV DUH GHWHUPLQHG IURP WKH FRUUHODWHG DQG LQGHSHQGHQW VDPSOHV RI DLU
WHPSHUDWXUH DQG ZLQG VSHHG VHSDUDWHO\ WKDW DUH FRPELQHG ZLWK LQGHSHQGHQW ZLQG
GLUHFWLRQVDPSOHVDQGSRLQW IRUHFDVWVRI VRODU UDGLDWLRQ IRUXS WRDKDOIKRXUDKHDG
RYHUDSDUWLFXODUIXWXUHKDOI-KRXUSHULRGLQHDFKRIWKH  ? ?ସ JHQHUDWHGVFHQDULRV7KH
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FDOFXODWLRQV RI -PLQXWH -PLQXWH DQG -PLQXWH '/5 IRUHFDVWV IRU  ? ൈ ? ?ସ
VFHQDULRV DUH VLPXOWDQHRXVO\ SURFHVVHG WKURXJK WKH PDWUL[ FDOFXODWLRQ UHDOLVHG LQ
0$7/$% ZKLFK UHTXLUH DURXQG  VHFRQGV 7KH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ
&') H[WUDFWHG IURP VDPSOHG YDOXHV RI WKH WUDQVLHQW-VWDWH '/5 IRUHFDVW LV WKHQ
VPRRWKHGE\NHUQHOGHQVLW\HVWLPDWLRQ>@WRGHWHUPLQHSUHGLFWLYHSHUFHQWLOHVIRU
HDFK WLPH KRUL]RQ )LJV - DQG - VKRZ WKH UDWLRV RI WKH FRUUHODWHG ZHDWKHU
VDPSOHV EDVHG WK ± WK SHUFHQWLOHV WK ± WK SHUFHQWLOHV SRLQW IRUHFDVWV RI
-PLQXWHDQG-PLQXWH'/5VDQGZHDWKHUREVHUYDWLRQEDVHGWUDQVLHQW-VWDWH'/5V
WRWKHVWDWLFOLQHUDWLQJV6/5VRQIRUWKHWZRVSDQVUHVSHFWLYHO\ 
 
)LJ-3UREDELOLVWLFIRUHFDVWVRI-PLQXWHDQG-PLQXWHWUDQVLHQW-VWDWH'/5VRQIRU
VSDQ&4-&4 
 
)LJ-3UREDELOLVWLFIRUHFDVWVRI-PLQXWHDQG-PLQXWHWUDQVLHQW-VWDWH'/5VRQIRU
VSDQ$&-$&% 
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7KH-PLQXWH'/5IRUHFDVW LVVKRZQWRRIIHUDKLJKHUDGGLWLRQDOKHDGURRPLQWKH
FRQGXFWRU¶V DPSDFLW\ WKRXJK ODVWLQJ IRU D VKRUWHUSHULRG WKDQ WKH-PLQXWH'/5
IRUHFDVW ,Q DGGLWLRQ WKH SUHGLFWLYH GLVWULEXWLRQV RI WKH -PLQXWH '/5 DUH OHVV
FRQFHQWUDWHGWKDQWKDWRIWKH-PLQXWH'/5RQDYHUDJH7KLVLVEHFDXVHWKHIRUHFDVW
DFFXUDF\ GHFUHDVHV ZLWK LQFUHDVLQJ ORRN DKHDG DQG WKH XQFHUWDLQWLHV RI ZHDWKHU
IRUHFDVWV IRUXS WRDKDOIKRXUDKHDGDUHDOO LQFOXGHGIRUHVWLPDWLRQRI WKHSRVVLEOH
HUURUVRID-PLQXWH'/5SUHGLFWLRQ 
7KHWUDQVLHQW-VWDWH'/5VHVWLPDWHGIURPSHUVLVWHQFHIRUHFDVWVRIZHDWKHUFRQGLWLRQV
DUH DGRSWHG DV EHQFKPDUNV WR DVVHVV WKH DFFXUDF\ RI WKH SRLQW '/5 IRUHFDVWV
JHQHUDWHG E\ WKH FRQGLWLRQDOO\ KHWHURVFHGDVWLF &+ IRUHFDVWLQJ PRGHOV EDVHG RQ
FRUUHODWHG&+-&UDQGRPZHDWKHUVDPSOHV6LQFHSHUVLVWHQFHIRUHFDVWLQJVXSSRVHV
WKDW ZHDWKHU IRUHFDVWV LQ WKH IXWXUH DUH HTXDO WR SUHVHQW YDOXHV >@ ZHDWKHU
SUHGLFWLRQVZLOOEHFRQVWDQWZLWKWKHXSFRPLQJPLQXWHV7KHSRLQWIRUHFDVWVRIWKH
&+-&PRGHOEDVHG-PLQXWHDQG-PLQXWHWUDQVLHQW-VWDWH'/5VKDYLQJURRWPHDQ
VTXDUH HUURUV 506(V RI DURXQG  ? ?Ǥ ?ܣ DQG  ? ?Ǥ ?ܣ UHVSHFWLYHO\ JLYH  DQG
 LPSURYHPHQWV RYHU WKH SHUVLVWHQFH IRUHFDVW EDVHG WUDQVLHQW-VWDWH '/5V IRU
VSDQ&4-&47KHFRUUHVSRQGLQJ506(VIRUVSDQ$&-$&%DUH  ? ?Ǥ ?ܣ
DQG  ? ?Ǥ ?ܣ UHVSHFWLYHO\ZKLFKJLYHDQGLPSURYHPHQWVRYHUSHUVLVWHQFH
$OWKRXJK WKH WUDQVLHQW-VWDWH'/5VSUHGLFWHGE\ WKH&+-&PRGHODUHPRUHDFFXUDWH
WKDQ WKH SHUVLVWHQFH IRUHFDVW EDVHG '/5V RQ DYHUDJH LW LV IRXQG WKDW WKH &+-&
IRUHFDVWLQJPRGHOVXVXDOO\RYHUHVWLPDWHVWUDQVLHQW-VWDWH'/5VIRUERWKVSDQVDW WKH
OHYHOVRIWKHLUUHVSHFWLYHORZHUUDWLQJVHJWKHVPDOOHVWRIZHDWKHUREVHUYDWLRQ
EDVHGWUDQVLHQW-VWDWH'/5VDVVKRZQLQ)LJ-7KHUHIRUH WKHORZHUSHUFHQWLOHV
RI WUDQVLHQW-VWDWH '/5V VKRXOG EH DSSOLHG VR DV WR DYRLG WKH ULVN RI XVLQJ WKH
RYHUHVWLPDWHGSRLQWIRUHFDVWVRIWKH&+-&PRGHOEDVHGWUDQVLHQW-VWDWH'/5V 
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)LJ-%R[SORWVRIHUURUVRI-PLQXWHDQG-PLQXWHWUDQVLHQW-VWDWH'/5IRUHFDVWVHVWLPDWHGE\
WKH&+-&PRGHOVDQGSHUVLVWHQFHIRUHFDVWLQJIRUWZRVSDQVDWWKHORZUDWLQJOHYHOV 
,Q RUGHU WR DVVHVV WKH FDOLEUDWLRQ RI SUREDELOLVWLF IRUHFDVWV RI WUDQVLHQW-VWDWH '/5
KLVWRJUDPVRISUREDELOLW\ LQWHJUDO WUDQVIRUP3,7DUHSORWWHG IRU'/5 IRUHFDVWVRI
WZR VSDQV IRU GLIIHUHQW WLPH KRUL]RQV ZKLFK DUH PRGHOOHG IURP WKH LQGHSHQGHQW
&+-,DQGFRUUHODWHG&+-&UDQGRPZHDWKHUVDPSOHVVHSDUDWHO\DVVKRZQLQ)LJV
- DQG - 7KH UHODWLYH IUHTXHQF\ RI  SHU SHUFHQWLOH IRU D XQLIRUP 3,7
KLVWRJUDPZKLFKUHYHDOVSUREDELOLVWLFIRUHFDVWVWREHIXOO\FDOLEUDWHGLVGHQRWHGE\D
EODFNVROLGOLQH 
 
)LJ-3,7KLVWRJUDPVRISUREDELOLVWLFIRUHFDVWVRI-PLQXWH-PLQXWHDQG-PLQXWHWUDQVLHQW
VWDWH'/5VIRUVSDQ&4-&4 
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)LJ-3,7KLVWRJUDPVRISUREDELOLVWLFIRUHFDVWVRI-PLQXWH-PLQXWHDQG-PLQXWHWUDQVLHQW
VWDWH'/5VIRUVSDQ$&-$&% 
7KHUHODWLYHIUHTXHQFLHVDWERWKHQGVRI3,7KLVWRJUDPVRI-PLQXWH'/5IRUHFDVWV
GHULYHGIURPWKHFRUUHODWHGZHDWKHUVDPSOHVDUHVLPLODUWRWKRVHIRUWKHLQGHSHQGHQW
VDPSOHV 7KRXJK WKH SDLUHG VDPSOHV RI RQH-VWHS-DKHDG DLU WHPSHUDWXUH DQG ZLQG
VSHHGIRUHFDVWVVKRZLQJORQJ-WHUPSRVLWLYHFRUUHODWLRQVKDYHRSSRVLWHFRROLQJHIIHFWV
WKHLU FRUUHODWLRQV PD\ KDYH D VOLJKW LPSDFW RQ WKH FRQFHQWUDWLRQ RI SUHGLFWLYH
GLVWULEXWLRQV RI -PLQXWH '/5V GXH WR WKH UHODWLYHO\ KLJK DFFXUDF\ RI DLU
WHPSHUDWXUHSUHGLFWLRQ)RU-PLQXWHDQG-PLQXWH WLPHKRUL]RQV WKHVLJQLILFDQW
GHYLDWLRQVIURPWKHLGHDOUHODWLYHIUHTXHQF\RIDWERWKHQGVRI3,7KLVWRJUDPV
IRU WKH LQGHSHQGHQW ZHDWKHU VDPSOHV DUH VXFFHVVIXOO\ PLWLJDWHG LQ WKH FRUUHODWHG
VDPSOHV EDVHG 3,7 KLVWRJUDPV 7KH SDLUHG UDQGRP VDPSOHV RI WKH VDPH ZHDWKHU
SDUDPHWHUDWGLIIHUHQWIXWXUHPRPHQWVXSWRPLQXWHVDKHDGWKDWVKRZVLJQLILFDQW
SRVLWLYH FRUUHODWLRQV LQ HDFK RI WKH  ? ?ସ VFHQDULRV ZLOO EH DW VLPLODU OHYHOV ZLWK
UHVSHFWWRWKHLUUHVSHFWLYHUDQJHVRIWKH  ? ?ସ UDQGRPVDPSOHV7KHORZZLQGVSHHG
IRUHFDVWVRUWKHKLJKDLUWHPSHUDWXUHIRUHFDVWVDVVLJQHGWRGLIIHUHQWIXWXUHPRPHQWVLQ
DSDUWLFXODUVFHQDULRZRXOGWKHUHIRUHOHDGWRWKHFDOFXODWHG-PLQXWHDQG-PLQXWH
'/5 IRUHFDVWV EHLQJ DW D FHUWDLQ ORZ OHYHO DQG YLFH YHUVD 7KLV PHDQV WKDW WKH
SUHGLFWLYHGLVWULEXWLRQVRI-PLQXWHDQG-PLQXWH'/5VHVWLPDWHGIURPWKHSDLUHG
ZHDWKHU VDPSOHV DUH FRPPRQO\ PRUH GLVSHUVLYH WKDQ WKRVH EDVHG RQ WKH XQSDLUHG
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LQGHSHQGHQW UDQGRP VDPSOHV 7KHUHIRUH SUHGLFWLYH SHUFHQWLOHV RI WUDQVLHQW-VWDWH
'/5VPRGHOOHGEDVHGRQWKHFRUUHODWHGSDLUHGUDQGRPZHDWKHUVDPSOHVJHQHUDWHG
IURP WKH &+ IRUHFDVWLQJ PRGHOV DUH SUHIHUUHG GXH WR WKHLU LPSURYHG FDOLEUDWLRQ
HVSHFLDOO\DWORZHUSHUFHQWLOHV 
$VQRWHGLQ6HFWLRQDSDUWLFXODUORZHU'/5SHUFHQWLOHHJWKH  ?௧௛ SHUFHQWLOH
3YDOXH LV OLNHO\ WREHVHOHFWHGIURPDSUREDELOLVWLF IRUHFDVWDQGUHJDUGHGDV WKH
WKHUPDOOLPLWRIWKHFRQGXFWRUWRDYRLGDQ\VLJQLILFDQWSUREDELOLW\RIWKHPD[LPXP
DOORZDEOHFRQGXFWRUWHPSHUDWXUHEHLQJH[FHHGHG,IWKHDGRSWHG3YDOXHZRUNVZHOO
WKHDFWXDOWUDQVLHQW-VWDWH'/5VKRXOGH[FHHGWKHWKHUPDOOLPLWLQQRPRUHWKDWRI
FDVHVRQDYHUDJH7RFKHFNWKHHIIHFWLYHQHVVRIXVLQJWKH3IRUHFDVWDVWKHWKHUPDO
OLPLW GLIIHUHQFHV EHWZHHQ WKH DFWXDO WUDQVLHQW-VWDWH UDWLQJV DQG WKH -PLQXWH 3
IRUHFDVWVWKDWDUHOLPLWHGWRDERYH6/5VDUHH[DPLQHG$VVKRZQLQ)LJ-
ZKHUHDQHJDWLYHYDOXHLQGLFDWHVWKHDFWXDOUDWLQJLVJUHDWHUWKDQWKH3IRUHFDVWWKH
3YDOXHOLPLWHGWRRI6/5H[FHHGVWKHDFWXDOUDWLQJLQRQO\DQG
RIFDVHVIRUVSDQV&4-&4DQG$&-$&%UHVSHFWLYHO\ 
 
)LJ - 'LVWULEXWLRQV RI GLIIHUHQFHV EHWZHHQ WKH DFWXDO -PLQXWH UDWLQJV DQG WKH -PLQXWH 3
IRUHFDVWVOLPLWHGWR6/5VIRUGLIIHUHQWVSDQ 
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6.3.5. (IIHFWVRIXQFHUWDLQW\LQFRHIILFLHQWVRIFRQGXFWRU¶VFKDUDFWHULVWLFV
RQWUDQVLHQW-VWDWHFDOFXODWLRQV 
'XHWRODFNRIGLUHFWPHDVXUHPHQWVRIFRQGXFWRUWHPSHUDWXUHWKHWUDQVLHQW-VWDWH ௖ܶ
HVWLPDWHG IURP WKH PHDVXUHG OLQH FXUUHQW DQG ZHDWKHU REVHUYDWLRQV E\ WKH ௖ܶ௔௩ǡ ?௧
EDVHGFRQYHQWLRQDODSSURDFKZLWKD-VHFRQG  ?ݐ LVUHJDUGHGDVWKHDFWXDO ௖ܶ,QD
WKHUPDOPRGHORIWKHFRQGXFWRUVWKDWZHDWKHU-EDVHGPRGHOVUHO\RQWKHSDUDPHWHUV
GHVFULELQJWKHFRQGXFWRU¶VHPLVVLYLW\ ߝ௘ DQGVRODUDEVRUSWLYLW\ ߝ௦ WKDWUHVSHFWLYHO\
GHWHUPLQH UDWHV RI UDGLDWLRQ KHDW ORVV DQG VRODU KHDW JDLQ DUH XVXDOO\ FRDUVHO\
HVWLPDWHG $OWKRXJK WKH WUDQVLHQW-VWDWH '/5 HVWLPDWHG E\ WKH HQKDQFHG DQDO\WLFDO
PHWKRGLVPRVWO\FRQVHUYDWLYHLQ WKHZRUNFRQGXFWHGKHUHDQRYHUHVWLPDWHG ߝ௘ RU
DQ XQGHUHVWLPDWHG ߝ௦ PD\ OHDG WR WKH WUDQVLHQW-VWDWH ILQDO FRQGXFWRU WHPSHUDWXUH௖ܶ௙௧௦ H[FHHGLQJ ௖ܶ௠௔௫ DW WKH HQG RI WKH VSHFLILHG WLPH SHULRG )LJ - VKRZV
FXPXODWLYHIUHTXHQF\GLVWULEXWLRQVRIGHYLDWLRQVEHWZHHQ ௖ܶ௠௔௫ DQG ௖ܶ௙௧௦ WKDWDUH
PRGHOOHG E\ WKH FRQYHQWLRQDO DSSURDFK XVLQJ ௖ܶ௔௩ǡ ?௧ ZLWK D -VHFRQG  ?ݐ XQGHU
WKHZHDWKHUREVHUYDWLRQEDVHGWUDQVLHQWUDWLQJVIRUGLIIHUHQWWLPHKRUL]RQVIRUWKHWZR
VSDQV DVVXPLQJ WKH DFWXDO YDOXHV RI ߝ௘ RU ߝ௦ WR EH  RU  VPDOOHU RU JUHDWHU
WKDQWKDWXVHGLQWKLVVWXG\DVOLVWHGLQ7DEOH-6LQFH ߝ௘ RIHQHUJL]HGFRQGXFWRUV
LVKLJKO\FRUUHODWHGZLWK ߝ௦ DQGJHQHUDOO\ FRQVLGHUHG WREHVOLJKWO\KLJKHU WKDQ ߝ௦
>@ WKH FRPELQDWLRQV RI ߝ௘  DQG ߝ௦  WHVWHG KHUH LH ߝ௘ ߝ௦  HTXDOLQJ  RU
IRU&4-&4DQGRUIRU$&-$&%DUHH[SHFWHGWR
JLYH WKH ZRUVW FDVHV RI ௖ܶ௠௔௫  EHLQJ H[FHHGHG 7KHUHIRUH D UHDVRQDEOH VDIHW\
PDUJLQ UHODWLYH WR WKH RULJLQDO PD[LPXP WHPSHUDWXUH OLPLW LV QHFHVVDU\ IRU WKH
WUDQVLHQW-VWDWH'/5FDOFXODWLRQLQWKLVUHVHDUFK 
,QSUDFWLFDO DSSOLFDWLRQ VRPH IRUPRI FRQGXFWRU WHPSHUDWXUHPRQLWRULQJ WHFKQLTXH
HJ3RZHU'RQXW >@ WKDWPHDVXUHV ௖ܶ DW WKH IL[HGSRLQW VKRXOGEHDYDLODEOH WR
YDOLGDWH WKH µDFWXDO¶ ௖ܶ FDOFXODWHG E\ WKH ௖ܶ௔௩ǡ ?௧-EDVHG FRQYHQWLRQDO DSSURDFK DQG
FDOLEUDWH WKH FRQGXFWRU FKDUDFWHULVWLF FRHIILFLHQWV HJ ߝ௘  DQG ߝ௦  XVHG LQ WKH
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WKHUPDOPRGHORI WKH FRQGXFWRUV)RU H[DPSOH WKHYDOXHRI ߝ௘ ZDVGHWHUPLQHG WR
PLQLPL]H WKH DYHUDJH GLIIHUHQFH EHWZHHQ WKH PHDVXUHG DQG VLPXODWHG ௖ܶ  IRU
QLJKW-WLPHSHULRGVLQ>@&,*5(7HFKQLFDO%URFKXUH>@UHFRPPHQGHGWKDW
WKHYDOXHRI ߝ௦ FRXOGEHVHWWREHKLJKHUWKDQWKHHVWLPDWHGYDOXHRI ߝ௘ 
 
)LJ-&XPXODWLYHIUHTXHQF\GLVWULEXWLRQVRIGHYLDWLRQVEHWZHHQ ௖ܶ௠௔௫  DQG ௖ܶ௙௧௦ WUDFNHGE\WKH௖ܶ௔௩ǡ ?௧-EDVHG FRQYHQWLRQDO DSSURDFK ZLWK D -VHFRQG  ?ݐ XQGHU WKH HQKDQFHG DQDO\WLFDO PHWKRG
EDVHG WUDQVLHQW UDWLQJ IRU GLIIHUHQW WLPH KRUL]RQV FRQVLGHULQJ HVWLPDWLRQ HUURUV LQ WKH FRQGXFWRUV¶
HPLVVLYLW\ ߝ௘ RUDEVRUSWLYLW\ ߝ௦ IRUWKHWZRVSDQV 
6.4. &RQFOXVLRQV 
7KLVFKDSWHUKDVSURSRVHGDZHDWKHU-EDVHGDSSURDFK WRSUREDELOLVWLF IRUHFDVWLQJRI
VKRUW-WHUPRUWUDQVLHQW-VWDWHG\QDPLFOLQHUDWLQJ'/5IRUDSDUWLFXODUVSDQEDVHGRQ
DQHQKDQFHGDQDO\WLFDOPHWKRGIRUWUDQVLHQW-VWDWHFRQGXFWRUWHPSHUDWXUHFDOFXODWLRQ
7KHHQKDQFHGDQDO\WLFDOPHWKRGFRQVLGHUVFKDQJHVRIZHDWKHUFRQGLWLRQVDQGIXOILOV
WKHDVVXPSWLRQRIWKHFRQGXFWRU¶VWKHUPDOHTXLOLEULXPDWWKHVWDUWRIDVSHFLILHGWLPH
SHULRGUHTXLUHGE\WKH,(((DQDO\WLFDOPHWKRG8VLQJWKHFRQYHQWLRQDODSSURDFKWKDW
HYDOXDWHVKHDWLQJDQGFRROLQJWHUPVDWWKHDYHUDJHFRQGXFWRUWHPSHUDWXUHRYHUHDFK
-VHFRQGWLPHLQWHUYDODVDEHQFKPDUNWKHHQKDQFHGDQDO\WLFDOPHWKRGLVVKRZQWR
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JLYH PRUH DFFXUDWH HVWLPDWHV RI WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUHV RQ DYHUDJH
WKDQWKH&,*5(DQDO\WLFDOPHWKRGDQGWKHFRQYHQWLRQDODSSURDFKWKDWHVWLPDWHVWKH
DVVRFLDWHGWHUPVDWWKHLQLWLDOFRQGXFWRUWHPSHUDWXUHRYHUHDFKWLPHLQWHUYDO 
7RUHGXFHFRPSXWDWLRQWLPHDIDVWURRW-ILQGLQJDOJRULWKPLHWKHVHFDQWPHWKRGLV
HPSOR\HGWRGHWHUPLQHWKHVWHDG\-VWDWHILQDOFRQGXFWRUWHPSHUDWXUHFRUUHVSRQGLQJWR
WKH ILQDO OLQH FXUUHQW DQG ZHDWKHU FRQGLWLRQV DIWHU VWHS FKDQJHV DQG WR DGMXVW WKH
WUDQVLHQW-VWDWH'/5XQWLOWKHFRQGXFWRUWHPSHUDWXUHUHDFKHVWKHPD[LPXPDOORZDEOH
OLPLW DW WKH HQGRI D VSHFLILHG WLPHSHULRG7KH ZHDWKHU-EDVHG DSSURDFKGHYHORSHG
KHUH KDV EHHQ WHVWHG RQ WZR VSDQV FRPSULVLQJ GLIIHUHQW W\SHV RI FRQGXFWRUV 7KH
HQKDQFHGDQDO\WLFDOPHWKRGEDVHGWUDQVLHQW-VWDWH'/5LVXVXDOO\FRQVHUYDWLYHVLQFH
WKH FRQGXFWRU WHPSHUDWXUH LV RYHUHVWLPDWHG E\ WKH HQKDQFHG DQDO\WLFDO PHWKRG IRU
PRVWRIWKHWLPH$OWKRXJKWKHSRLQWIRUHFDVWVRIWUDQVLHQW-VWDWH'/5VVKRZDKLJKHU
DFFXUDF\ WKDQ WKRVH WKDW DUH FDOFXODWHG IURP SHUVLVWHQFH IRUHFDVWV RI ZHDWKHU
SDUDPHWHUV WKH\DUHJHQHUDOO\RYHUHVWLPDWHGDW ORZUDWLQJOHYHOV7KLVSUREOHPFDQ
EH RYHUFRPH E\ DGRSWLQJ D FHUWDLQ ORZ SHUFHQWLOH IURP D SUREDELOLVWLF IRUHFDVW RI
WUDQVLHQW-VWDWH'/57KHSHUFHQWLOHVRIWUDQVLHQW-VWDWH'/5IRUHFDVWVIRUDSDUWLFXODU
VSDQGHULYHGIURPWKHFRUUHODWHGUDQGRPZHDWKHUVDPSOHVWKDWDUHJHQHUDWHGIURPWKH
FRQGLWLRQDOO\KHWHURVFHGDVWLFDXWR-UHJUHVVLYHIRUHFDVWLQJPRGHOVDUHSUHIHUUHGLQWKLV
UHVHDUFKGXHWRWKHLULPSURYHGFDOLEUDWLRQDWWKHORZHUSHUFHQWLOHVIRUWLPHKRUL]RQV
RI  DQG  PLQXWHV 7KLV LV EHFDXVH WKH VLJQLILFDQW SRVLWLYH FRUUHODWLRQV DPRQJ
UDQGRPVDPSOHVRIWKHVDPHZHDWKHUSDUDPHWHUVLHZLQGVSHHGDQGDLUWHPSHUDWXUH
DW GLIIHUHQW IXWXUH PRPHQWV H[SDQG WKH SUHGLFWLYH GLVWULEXWLRQV RI -PLQXWH DQG
-PLQXWH'/5V 
7KH ZHDWKHU-EDVHG DSSURDFK WR SUREDELOLVWLF IRUHFDVWLQJ RI WUDQVLHQW-VWDWH '/5
UHTXLUHV DURXQG WZR VHFRQGV WR FDOFXODWH WKH -PLQXWH -PLQXWH DQG -PLQXWH
'/5IRUHFDVWVIRU  ? ൈ ? ?ସ VFHQDULRV7KHVKRUWWLPHUHTXLUHGIRUWKHWUDQVLHQW-VWDWH
'/5 FDOFXODWLRQ LQFUHDVHV WKH SUDFWLFDELOLW\ RI DSSO\LQJ WKH ORZHU SHUFHQWLOHV RI
WUDQVLHQW-VWDWH'/5IRUHFDVWV 
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)RUHFDVWKRUL]RQVRIPLQXWHVWKUHH-PLQXWHVWLPHVWHSVKDYHEHHQH[DPLQHGLQ
WKH ZRUN FRQGXFWHG KHUH *LYHQ WLPH IRU 6&$'$ PHDVXUHPHQWV WR EH UHFHLYHG D
V\VWHPVWDWHHVWLPDWLRQWREHXSGDWHGDQGVRPHFRQVLGHUDWLRQRIWKHLPSOLFDWLRQVRI
WKHV\VWHP¶VVWDWHUHODWLYHWRSUHYDLOLQJDQGDQWLFLSDWHGUDWLQJVWKLVLVVXIILFLHQWWLPH
IRU D V\VWHPRSHUDWRU WR WDNH DFWLRQEDVHGRQ WKH IRUHFDVW UHVXOW+RZHYHU DFWLRQV
WKDW PLJKW EH WDNHQ WR UHGXFH ORDGLQJ LI WKH IRUHFDVW '/5 ZRXOG RWKHUZLVH EH
H[FHHGHGDUHLQHIIHFWOLPLWHGWRJHQHUDWLRQUH-GLVSDWFKPRVWREYLRXVO\FXUWDLOPHQW
RIRXWSXWDWRUQHDUWKHVHQGLQJHQGRIWKHFULWLFDOOLQHRUVRPHGHPDQGUHGXFWLRQLQ
WKHYLFLQLW\RIWKHUHFHLYLQJHQGHJZKHUHSRVVLEOHE\VZLWFKLQJGHPDQGWRDQRWKHU
VXEVWDWLRQWKURXJKGLVWULEXWLRQQHWZRUNUHFRQILJXUDWLRQ:KHUHWKLVLVQRWSRVVLEOH
WRDYRLGLQWHUUXSWLRQVWRGHPDQGWKDWKDYHQRWEHHQFRQWUDFWHGLQDGYDQFHLWPLJKW
RQO\ EH SRVVLEOH WR HIIHFW PRGHVW UHGXFWLRQV WKURXJK FKDQJHV WR YROWDJH WDUJHWV
ZLWKLQWKHGLVWULEXWLRQQHWZRUN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7. :,1'32:(5,17(*5$7,21:,7+
352%$%,/,67,&)25(&$67,1*2) 
'<1$0,&/,1(5$7,1* 
7.1. ,QWURGXFWLRQ 
7KLVFKDSWHUZLOO LOOXVWUDWH WKHSRWHQWLDODSSOLFDWLRQRI'/5IRUHFDVWLQJ WR LQFUHDVH
WKHXWLOLVDWLRQRIZLQGJHQHUDWLRQRQWKHN9WUDQVPLVVLRQQHWZRUNLQ1RUWK:DOHV
DVVKRZQLQ)LJ- 
 
)LJ-7KHN9QHWZRUNLQ1RUWK:DOHV 
7KH ORZHU SHUFHQWLOHV RI VWHDG\-VWDWH '/5 IRUHFDVWV IRU XS WR  VWHSV KDOI KRXU
DKHDGDQG UHDO-WLPH UDWLQJVKDYHEHHQ HVWLPDWHG IRU HLJKWN9RYHUKHDGFLUFXLWV
&±&WKDWFRQQHFWVHYHQN9EXVHV%±% WKLVDQDO\VLVXVHVGDWDIURP
WKHSHULRGIURPWR7KHN9QHWZRUNLVVXSSOLHGIURPWKH
N9 1DWLRQDO *ULG WUDQVPLVVLRQ V\VWHP WKURXJK N9N9 VXSHU JULG
WUDQVIRUPHUVDW WKUHHN9VXEVWDWLRQV%%DQG%7KHSRZHUDWHDFKN9
VXEVWDWLRQLVWKHQIHGLQWRWKHN9GLVWULEXWLRQQHWZRUNVZKLFKDUHLQWHUFRQQHFWHG
)RU H[DPSOH WKH N9 VXEVWDWLRQ / VXSSOLHG IURP WKH N9 VXEVWDWLRQ % LV
FRQQHFWHGZLWK WKHN9VXEVWDWLRQ/ WKDW LV VXSSOLHG IURP WKHN9VXEVWDWLRQ
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% 7KH FRQILJXUDWLRQ DQG WHFKQLFDO SDUDPHWHUV RI WKH N9 QHWZRUN DQG N9
LQWHUFRQQHFWHGGLVWULEXWLRQQHWZRUNVDQGWKHPD[LPXPORDGDWHDFKN9VXEVWDWLRQ
IRU WKHSHULRGDUH DYDLODEOH IURP µ'LVWULEXWLRQ/RQJ7HUP'HYHORSPHQW
6WDWHPHQWIRUWKH\HDUVWR¶>@ 
7KHDPSDFLW\RIDQRYHUKHDGOLQH2+/SURYLGHGLQUHDOWLPHFDQRQO\WHOODV\VWHP
RSHUDWRURUDZLQGIDUPRSHUDWRUWKHFRQFXUUHQWPD[LPXPDOORZDEOHUDWLQJ+RZHYHU
XVLQJRQO\WKHUHDO-WLPHUDWLQJVPD\OHDGWRDULVNUHODWHGWROLPLWHGJHQHUDWLRQUDPS
UDWHV LQ VRPH SDUWLFXODU FDVHV )RU H[DPSOH WKHUH FDQ EH DQ LVVXH LI D VLJQLILFDQW
UHGXFWLRQLQWKHUHDO-WLPHUDWLQJRYHUPLQXWHVH[FHHGVWKHPD[LPXPYROXPHWKDW
D JHQHUDWRU FDQ UDPS GRZQ LQ WKDW SHULRG RU LI LW LV DYDLODEOH DQG QHHGHG
UHSODFHPHQW JHQHUDWLRQ LQ DQRWKHU ORFDWLRQ FDQ UDPS XS 7KHUHIRUH SURYLGLQJ WKH
V\VWHPRSHUDWRUZLWKIRUHFDVWVRIUDWLQJVFDQHIIHFWLYHO\DYRLGWKLVULVNE\SURYLGLQJ
VXIILFLHQWWLPHIRUDUH-GLVSDWFKDFWLRQWREHVWDUWHGDQGFRPSOHWHG7KLVFKDSWHUZLOO
HVWLPDWHWKHGHJUHHWRZKLFKZLQGJHQHUDWLRQFXUWDLOPHQWFDQEHDOOHYLDWHGWKURXJK
XVHRIWKHORZHUSHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVLQSODFHRIWKHVWDWLFOLQH
UDWLQJV6/5VIRUHDFKN92+/RYHUWKHHYDOXDWHGSHULRGEDVHGRQZKLFKWKH
LPSDFWIURPSUREDELOLVWLF'/5IRUHFDVWLQJRQZLQGSRZHULQWHJUDWLRQLVDVVHVVHG 
7.2. 0RGHOOLQJRI$YDLODEOH:LQG3RZHU 
)RXU ZLQG IDUPV ZHUH ORFDWHG DURXQG WKH N9 DQG N9 GLVWULEXWLRQ QHWZRUNV
RYHU WKH HYDOXDWHG SHULRG IURP  WR  7KH 0: 5K\O )ODW
RIIVKRUH ZLQG IDUP ZDV FRQQHFWHG WR WKH N9 EXV % DQG WKH RWKHU WKUHH ZLQG
IDUPV D 0: RIIVKRUH ZLQG IDUP DQG WZR RQVKRUH ZLQG IDUPV ZLWK LQVWDOOHG
FDSDFLWLHVRI0:DQG0:ZHUHFRQQHFWHGWRWKHORFDON9VXEVWDWLRQV
>@7KHDYDLODEOHZLQGSRZHURIHDFKZLQGIDUPLVPRGHOOHGEDVHGRQWKHZLQG
VSHHG ݓ௦ǡ௛௨௕ DWWKHKXEKHLJKWFRPELQHGZLWKDJHQHULFSRZHUFXUYHPRGHOZKLFK
GHILQHV WKH DYDLODEOH ZLQG SRZHU RXWSXW ܹܲ௔௩൫ݓ௦ǡ௛௨௕൯ DV D IXQFWLRQ RI WKH UDWHG
SRZHU ܹ ௥ܲ௔௧௘ௗ DQG ݓ௦ǡ௛௨௕ >@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ܹܲܽݒ൫ݓݏǡ݄ݑܾ൯ ൌ ቐ  ? ݂݋ݎ ݓݏǡ݄ݑܾ ൑ ݓݏǡ݅݊݋ݎݓݏǡ݄ݑܾ ൐ ݓݏǡ݋ݑݐܹܲݎܽݐ݁݀൫ܽݓ݌ ൅ ܾݓ݌  ? ݓݏǡ݄ݑܾ ൅ ܿݓ݌  ? ݓݏǡ݄ݑܾ ? ൯ ݂݋ݎ ݓݏǡ݅݊ ൏ ݓݏǡ݄ݑܾ ൑ ݓݏǡݎܽݐܹ݁݀ܲݎܽݐ݁݀ ݂݋ݎ ݓݏǡݎܽݐ݁݀ ൏ ݓݏǡ݄ݑܾ ൑ ݓݏǡ݋ݑݐ  - 
ZKHUH ݓ௦ǡ௜௡  ݓ௦ǡ௢௨௧  DQG ݓ௦ǡ௥௔௧௘ௗ  UHSUHVHQW WKH FXW-LQ FXW-RXW DQG UDWHG ZLQG
VSHHGV UHVSHFWLYHO\ IRU DZLQG WXUELQH DQG FRQVWDQWV ܽ௪௣ ܾ௪௣ DQG ܿ௪௣ DUHRQO\
GHSHQGHQWRQ ݓ௦ǡ௜௡ DQG ݓ௦ǡ௥௔௧௘ௗ >@ 
ܽ௪௣ ൌ െ ݓ௦ǡ௜௡  ?൫ݓ௦ǡ௜௡ ൅ ݓ௦ǡ௥௔௧௘ௗ൯  ?൫ݓ௦ǡ௜௡ଶ ൅  ?ݓ௦ǡ௜௡ݓ௦ǡ௥௔௧௘ௗ െ ݓ௦ǡ௥௔௧௘ௗଶ ൯ ?൫ݓ௦ǡ௜௡ െ ݓ௦ǡ௥௔௧௘ௗ൯ଶ  ? ݓ௦ǡ௥௔௧௘ௗଶ  - 
ܾ௪௣ ൌ ݓ௦ǡ௜௡ସ ൅  ?ݓ௦ǡ௜௡ଷ ݓ௦ǡ௥௔௧௘ௗ ൅  ?ݓ௦ǡ௜௡ଶ ݓ௦ǡ௥௔௧௘ௗଶ െ  ?ݓ௦ǡ௜௡ݓ௦ǡ௥௔௧௘ௗଷ െ ݓ௦ǡ௥௔௧௘ௗସ ?൫ݓ௦ǡ௜௡ െ ݓ௦ǡ௥௔௧௘ௗ൯ଶ  ? ݓ௦ǡ௥௔௧௘ௗଷ  - 
ܿ௪௣ ൌ െ ݓ௦ǡ௜௡ଷ ൅  ?ݓ௦ǡ௜௡ଶ ݓ௦ǡ௥௔௧௘ௗ ൅  ?ݓ௦ǡ௜௡ݓ௦ǡ௥௔௧௘ௗଶ െ  ?ݓ௦ǡ௥௔௧௘ௗଷ ?൫ݓ௦ǡ௜௡ െ ݓ௦ǡ௥௔௧௘ௗ൯ଶ  ? ݓ௦ǡ௥௔௧௘ௗଷ  - 
)LJ-VKRZVDQH[DPSOHRIDJHQHULFSRZHUFXUYHHVWLPDWHGIRUDZLQGWXUELQHWKDW
KDV WHFKQLFDO SDUDPHWHUV RI ݓ௦ǡ௜௡ ൌ  ?݉ ݏ ?  ݓ௦ǡ௢௨௧ ൌ  ? ?݉ ݏ ?  ݓ௦ǡ௥௔௧௘ௗ ൌ  ? ?Ǥ ?݉ ݏ ? 
DQG ܹ ௥ܲ௔௧௘ௗ ൌ  ?Ǥ ?ܯܹ EDVHGRQHTXDWLRQ- 
 
)LJ-$JHQHULFSRZHUFXUYHIRUD0:ZLQGWXUELQHZLWKFXU-LQFXW-RXWDQGUDWHGZLQGVSHHGV
RI  ?݉ ݏ ?   ? ?݉ ݏ ?  DQG  ? ?Ǥ ?݉ ݏ ?  UHVSHFWLYHO\ 
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7KHKXEKHLJKWZLQGVSHHG ݓ௦ǡ௛௨௕ DWWKHFHQWUHRIWKHZLQGIDUPLVHVWLPDWHGIURP
ZLQG VSHHGV PHDVXUHG DW ZHDWKHU VWDWLRQV XVLQJ WKH VSDWLDO LQWHUSRODWLRQ PRGHOV
GHYHORSHGLQ&KDSWHU7KHWUHQGVXUIDFHVRIZLQGVSHHGVDWDUHIHUHQFHOHYHOP
DERYH VHD OHYHO LQ WHUPV RI GLVWDQFH WR RFHDQ '72 DW RIIVKRUH ZLQG IDUPV DUH
FDOFXODWHG IRU ܦܱܶ ൌ  ?7KH WHFKQLFDO SDUDPHWHUVRIZLQG WXUELQHV DQG WKHXVHIXO
LQIRUPDWLRQIRUHDFKZLQGIDUPDUHSURYLGHGLQ>±@ 
7.3. 3HUPLWWHG2XWSXWVRI5HQHZDEOH*HQHUDWLRQ3ODQWV 
7R LQYHVWLJDWH WKH LPSDFW RI '/5 IRUHFDVWLQJ RQ DOOHYLDWLQJ ZLQG JHQHUDWLRQ
FXUWDLOPHQWWKHUHGXFWLRQVLQFXUWDLOPHQWRIZLQGSRZHUIURP5K\O)ODWVZLQGIDUP
WKURXJK WKH UHSODFHPHQWRI WKH6/5VE\ WKH ORZHUSHUFHQWLOHVRI VWHDG\-VWDWH'/5
IRUHFDVWV IRU HLJKW N9 2+/V DUH GHWHUPLQHG 7KLV LV EHFDXVH 5K\O )ODWV LV WKH
ZLQG IDUP FRQQHFWHG WR WKH N9 EXV % DQG WKH SURGXFHG HOHFWULFLW\ FDQ EH
GLVSDWFKHGWRN9VXEVWDWLRQV%DQG%WKURXJKWZRN92+/V&DQG&IRU
ZKLFKSUREDELOLVWLF'/5 IRUHFDVWV IRUXS WR DKDOIKRXU  VWHSV DKHDG KDYHEHHQ
HVWLPDWHG,WLVDVVXPHGWKDWWKHFRQQHFWLRQRI5K\O)ODWVWR%LVVXIILFLHQWIRUWKH
WUDQVIHURISRZHUDYDLODEOHIURP5K\O)ODWV ,QDGGLWLRQWR WKHUPDOOLPLWVRI2+/V
WKH SODQQHG ZLQG RXWSXW LV OLPLWHG E\ WKH PD[LPXP DOORZDEOH UDPS UDWH DQG WKH
H[SHFWHGDYDLODEOHZLQGSRZHU7DEOH-DQG)LJ-VKRZWKHSURFHGXUHXVHG WR
FDOFXODWHWKHPD[LPXPRXWSXWRIDUHQHZDEOHJHQHUDWLRQSODQWVXFKDVDZLQGIDUP
WKDWLVSHUPLWWHGWRLQMHFWLQWRWKHFRQQHFWHGJULGWDNLQJLQWRDFFRXQWWKHPD[LPXP
DOORZDEOHUDPSUDWHVRIZLQGJHQHUDWLRQDQGWKHIRUHFDVWVRIDYDLODEOHZLQGSRZHUV
DQGOLQHV¶UDWLQJVIRUXSWRWKUHH-PLQXWHVWLPHVWHSVDKHDG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7DEOH-3URFHGXUHXVHGWRFDOFXODWHWKHSODQQHGSRZHURXWSXWRIDZLQGIDUP 
&RPSXWDWLRQ
VHTXHQFH     
7LPHSHULRG ݐ ൌ  ? ݐ ൌ  ? ݐ ൌ  ? ݐ ൌ  ? 
([SHFWHGDYDLODEOH
ZLQGSRZHU  ܹܲ ?ܽݒ ܹܲ ?ܽݒ ܹܲ ?ܽݒ 
/LQHUDWLQJIRUHFDVW  ܦܮܴ ? ܦܮܴ ? ܦܮܴ ? 
0LQLPXPZLQG
IDUPRXWSXW  ݉ܽݔ ቄܹ ଴ܲ െ  ?ܹ ܲି ? ቅ ݉ܽݔ ቄܹ ଴ܲ െ  ?  ?  ?ܹܲି ? ቅ ݉ܽݔ ቄܹ ଴ܲ െ  ?  ?  ?ܹܲି ? ቅ 
0D[LPXPZLQG
IDUPRXWSXW  ݉݅݊ ቐܹ ଴ܲ ൅  ?ܹ ܲାܹ ଵܲ௔௩ܹ ଶܲ ൅  ?ܹ ܲିቑ ݉݅݊ ቐܹ ଴ܲ ൅  ?  ?  ?ܹܲାܹ ଶܲ௔௩ܹ ଷܲ ൅  ?ܹ ܲି ቑ ݉݅݊ ൜ܹ ଴ܲ ൅  ?  ?  ?ܹܲାܹ ଷܲ௔௩ ൠ 
3ODQQHGZLQGIDUP
RXWSXW ܹܲ ? ܹܲ ? ܹܲ ? ܹܲ ? 
* ?ܹ ܲା or  ?ܹ ܲି: the maximum volume that a wind farm is allowed to ramp up or ramp down in a 
10-minute period given its maximum allowable ramp rate. 
 
)LJ-$GLDJUDPVKRZLQJWKHSURFHGXUHRIFDOFXODWLQJWKHSODQQHGSRZHURXWSXWRIDZLQGIDUP 
(1) 7KHSODQQHGZLQGIDUPRXWSXWDIWHUPLQXWHV ܹ ଷܲ DW ݐ ൌ  ?LVFDOFXODWHG
XQGHU WKH FRQVWUDLQWV RI WKH VWHDG\-VWDWH UDWLQJ IRUHFDVWV ܦܮܴଷ  ZLWK D
PD[LPXPOLPLWWKDWLVWKHORZHUYDOXHRIWKHH[SHFWHGDYDLODEOHZLQGSRZHUܹ ଷܲ௔௩ IRU KDOI KRXU  VWHSV DKHDG RU WKH VXP RI WKH SUHVHQW ZLQG IDUP
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RXWSXW ܹ ଴ܲ DW ݐ ൌ  ? DQG WKH PD[LPXP YROXPH WKDW WKH ZLQG IDUP FDQ
UDPS XS LQ WKUHH VXEVHTXHQW -PLQXWH SHULRGV   ?  ?  ?ܹାܲ  JLYHQ LWV
PD[LPXPDOORZDEOHUDPSUDWH$PLQLPXPOLPLWIRU ܹ ଷܲ LVGHWHUPLQHGDV
WKH ODUJHU YDOXH RI ]HUR RU WKH GLIIHUHQFH EHWZHHQ ܹ ଴ܲ DQG WKH PD[LPXP
YROXPH WKDW WKH ZLQG IDUP LV DOORZHG WR UDPS GRZQ LQ WKUHH VXEVHTXHQW
-PLQXWH SHULRGV  ?  ?  ?ܹܲି 7KH SODQQHG SRZHU RXWSXW ܹ ଷܲ  RI HDFK
JHQHUDWLQJSODQWDQGWKHSRZHUVDW WKHWKUHHN9VXEVWDWLRQV%%DQG
% IHG E\ WKH N9 1DWLRQDO *ULG WUDQVPLVVLRQ V\VWHP DW ݐ ൌ  ? DUH
FDOFXODWHG E\ 2SWLPDO 3RZHU )ORZ 23) >@ ZLWK WKH REMHFWLYH RI
PD[LPLVLQJWKHXWLOLVDWLRQRIUHQHZDEOHJHQHUDWLRQ 
(2) 7KHSODQQHGZLQGRXWSXWDIWHUPLQXWHV ܹ ଶܲ DW ݐ ൌ  ?LVOLPLWHGE\WKH
-VWHS-DKHDGUDWLQJIRUHFDVWV ܦܮܴଶ ZLWKDPD[LPXPOLPLWWKDWLVWKHORZHVW
YDOXHDPRQJWKHH[SHFWHGDYDLODEOHZLQGSRZHU ܹ ଶܲ௔௩ DW ݐ ൌ  ? WKHVXP
RI ܹ ଴ܲ DQG WKHPD[LPXPDOORZDEOHUDPS-XSYROXPHIRU WKHZLQGIDUPLQ
WZR-PLQXWHSHULRGV ?  ?  ?ܹାܲDQGWKHVXPRI ܹ ଷܲ DQGWKHPD[LPXP
DOORZDEOH UDPS-GRZQ YROXPH LQ  PLQXWHV  ?ܹܲି  JLYHQ LWV PD[LPXP
DOORZDEOH UDPS UDWH 7KLV ZRXOG HQVXUH WKDW WKH SODQQHG ZLQG IDUP RXWSXWܹ ଶܲ DW ݐ ൌ  ? FDQ UDPSGRZQ WR WKHSODQQHGSRZHURXWSXW ܹ ଷܲ DW ݐ ൌ  ?
LQ  PLQXWHV $ PLQLPXP OLPLW IRU ܹ ଶܲ LV GHWHUPLQHG DV WKH GLIIHUHQFH
EHWZHHQ ܹ ଴ܲ  DQG WKH PD[LPXP DOORZDEOH UDPS-GRZQ YROXPH LQ WZR
-PLQXWH SHULRGV  ?  ?  ?ܹܲି ,I ܹ ଴ܲ  LV VPDOOHU WKDQ  ?  ?  ?ܹܲି WKH
PLQLPXPOLPLWIRU ܹ ଶܲ LVVHWWREH]HUR 
(3) 7KH PLQLPXP OLPLW IRU WKH SODQQHG ZLQG RXWSXW DIWHU  PLQXWHV ܹ ଵܲ DWݐ ൌ  ?HTXDOV WKHGLIIHUHQFHEHWZHHQ ܹ ଴ܲ DW ݐ ൌ  ?DQG  ?ܹܲି  VRWKDWD
-PLQXWHSHULRGLVVXIILFLHQWIRUZLQGJHQHUDWLRQWRUDPSGRZQIURP ܹ ଴ܲ
WR ܹ ଵܲ$PLQLPXPOLPLWRI]HURLVDSSOLHGLI ሺܹ ଴ܲ െ  ?ܹܲି ሻ LVQHJDWLYH
7KH PD[LPXP OLPLW IRU ܹ ଵܲ LV GHWHUPLQHG DV WKH ORZHVW YDOXH DPRQJ WKH
H[SHFWHG DYDLODEOH ZLQG SRZHU ܹ ଵܲ௔௩  DW ݐ ൌ  ? WKH VXP RI ܹ ଶܲ  DQG
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 ?ܹܲି DQG WKHVXPRI ܹ ଴ܲ DQG WKHPD[LPXPDOORZDEOH UDPS-XSYROXPH
LQPLQXWHV ?ܹ ାܲ7KLVZRXOGHQVXUHWKDWWKHZLQGJHQHUDWLRQFDQUDPS
GRZQ IURP ܹ ଵܲ WR ܹ ଶܲ DQG UDPS XS IURP ܹ ଴ܲ WR ܹ ଵܲ LQ  PLQXWHV
JLYHQ LWV PD[LPXP DOORZDEOH UDPS UDWH DQG WKDW WKH LQFUHDVHG ZLQG IDUP
RXWSXW ZRXOG QRW H[FHHG WKH H[SHFWHG DYDLODEOH YDOXH 7KH -VWHS-DKHDG
VWHDG\-VWDWHUDWLQJIRUHFDVWV ܦܮܴଵ DUHDGGLWLRQDOO\XVHGDVWKHUPDOOLPLWVRI
N92+/VIRUWKHHVWLPDWLRQRI ܹ ଵܲ 
(4) :KHQ WKH WLPH ݐ ൌ  ? FRPHV WKH HVWLPDWHG YDOXH RI ܹ ଵܲ LV XVHG DV WKH
SUHVHQWZLQGSRZHURXWSXW ܹ ଴ܲ DQGWKHSUHYLRXVWKUHHVWHSVDUHUHSHDWHG 
7.4. 5HGXFWLRQLQ:LQG*HQHUDWLRQ&XUWDLOPHQWE\$SSO\LQJ
'/5)RUHFDVWV 
7KH N9 DQG N9 LQWHUFRQQHFWHG GLVWULEXWLRQ QHWZRUNV LQ 1RUWK :DOHV DUH
UHSUHVHQWHG LQ 0$732:(5 >@ LQFOXGLQJ  EXVHV DQG  EUDQFKHV 7KH
OD\RXW DQG WHFKQLFDO SDUDPHWHUV RI GLVWULEXWLRQ OLQHV VXFK DV LPSHGDQFHV DQG 6/5
YDOXHVFDQEHIRXQGLQ>@7KHORDGVDWN9EXVHVDUHDVVXPHGWRYDU\DFFRUGLQJ
WRWKHQRUPDOLVHGGDWDZKLFKLVH[WUDFWHGIURPKLVWRULFWLPHVHULHVRIWRWDOHOHFWULFLW\
GHPDQGLQ(QJODQGDQG:DOHV>@IRUWKH\HDU 
2WKHU W\SHV RI UHQHZDEOH JHQHUDWLRQ SODQWV FRQQHFWLQJ WR WKH N9 LQWHUFRQQHFWHG
GLVWULEXWLRQQHWZRUNVVXFKDVK\GURDQGODQGILOODUHDOOLQFOXGHGLQWKHZKROHV\VWHP
PRGHO ,W LV DVVXPHGKHUH WKDW WKHK\GURHOHFWULFSODQW LV UXQ-RI-ULYHUZLWKD OLPLWHG
DPRXQWRIZDWHUVWRUDJHDQGWKHODQGILOOLVFRPELQHGKHDWDQGSRZHUSODQWWKDWKDVD
SDUWLFXODU KHDW GHPDQG 7KHVH DVVXPSWLRQV PHDQ WKDW LQ HIIHFW WKH UXQ-RI-ULYHU
K\GURHOHFWULFLW\ DQG ODQGILOO JHQHUDWLRQ FDQQRW EH UH-GLVSDWFKHG OLNH ZLQG IDUPV
6LQFHSRZHURXWSXWVIURPWKHVHJHQHUDWLQJSODQWVDUHQRWSURYLGHGWKH\DUHDVVXPHG
WREHFRQVWDQWDWWKHLUUDWLQJVZKLFKDUHSURYLGHGLQ>@7KHWRWDOFDSDFLW\RIWKHVH
UHQHZDEOHJHQHUDWLRQSODQWVH[FOXGLQJZLQGJHQHUDWRUVLV0:VXSSO\LQJDURXQG
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RIWKHWRWDOV\VWHPGHPDQGLH0:)XUWKHUPRUHLWLVDVVXPHGWKDWDOO
WKH UHQHZDEOH JHQHUDWLRQ SODQWV KDYH µSHUIHFW¶ IRUHFDVWV RI WKH H[SHFWHG DYDLODEOH
SRZHUVLHWKHIRUHFDVWVEHLQJHTXDOWRWKHDFWXDOYDOXHV 
7KH PD[LPXP DOORZDEOH UDPS UDWHV DW ZKLFK JHQHUDWLQJ SODQWV DUH UHTXLUHG WR EH
DEOH WR OLPLW WKHFKDQJHVRISRZHURXWSXWVGHSHQGRQ UHJLRQ DV OLVWHG LQ7DEOH-
>@7KRXJKWKHUHVHDUFKDUHDLVLQ1RUWK:DOHVWKHVWDQGDUGVXVHGLQ6FRWODQGDUH
DGRSWHG LQ WKLVVWXG\ IRUDFDGHPLFSXUSRVHVDV WKHPD[LPXPDOORZDEOH UDPSUDWHV
XVHGLQ(QJODQG	:DOHVUDUHO\ OLPLW WKHRXWSXWVRI5K\O)ODWV$VD UHVXOWDOO WKH
FRQQHFWHGJHQHUDWLQJSODQWVZLWKDQLQVWDOOHGFDSDFLW\RYHU0:ZRXOGEHUHTXLUHG
WRRSHUDWHXQGHU WKHPD[LPXPDOORZDEOH UDPS UDWH OLPLWV ,Q DGGLWLRQ WR WKH UDPS
UDWH OLPLWV IRU UHQHZDEOH JHQHUDWLRQ WKH YDULDWLRQV LQ VWHDG\ YROWDJHV IURP WKH
GHFODUHGN9DQGN9VKRXOGQRWH[FHHGSHUFHQWDQGSHUFHQWUHVSHFWLYHO\
>@DQGD േ ? ? YROWDJHVWHSFKDQJHOLPLW>@LVDOVRXVHGWRFRQVWUDLQWKHVWHS
FKDQJHLQYROWDJHIURPWKHSUHVHQWVWHDG\-VWDWHYDOXHLQPLQXWHV 
7DEOH - 7KH PD[LPXP UDPS UDWHV WKDW JHQHUDWLQJ SODQWV DUH UHTXLUHG WR OLPLW FKDQJHV RI SRZHU
RXWSXWVDWLQGLIIHUHQWDUHDV>@ 
,UHODQG (QJODQG	:DOHV 6FRWODQG  ? WR0:PLQXWH
PLQXWHDYHUDJH  ? WR0:PLQXWH 
PLQXWHDYHUDJH 
 
YDOXHVVSHFLILHGE\
WKH762WRHDFK
ZLQGIDUP 
 ? 1ROLPLWIRUDFKDQJH
RIXSWR0:  ? 0:PLQXWHIRUD
FKDQJHEHWZHHQ0:
DQG0:  ? 0:PLQXWHIRUD
FKDQJHRYHU0: 
 ? )RU3RZHU3DUN0RGXOHV0: 
1ROLPLW  ? )RU3RZHU3DUN0RGXOHVIURP0:WR0: 
RIUDWHGRXWSXWPLQXWHPLQXWHDYHUDJH 
RIUDWHGRXWSXWPLQXWHPLQXWHDYHUDJH  ? )RU3RZHU3DUN0RGXOHVDERYH0: 
0:PLQXWHPLQXWHDYHUDJH 
0:PLQXWHPLQXWHDYHUDJH 
%DVHGRQWKHSURFHGXUHGHVFULEHGLQ7DEOH-DQG)LJ-WKHSODQQHGZLQGIDUP
RXWSXWV DIWHU  PLQXWHV DQG WKH YROXPHV RI ZLQG JHQHUDWLRQ FXUWDLOPHQW DW 5K\O
)ODWVRYHUWKHSHULRGIURPWRDUHFDOFXODWHGZKHQWKHSRZHU
WUDQVIHUOLPLWVRIHLJKWN92+/VDUHGHWHUPLQHGE\WKH6/5VWKHVWUGDQGWK
SHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVGHQRWHGE\33DQG3DQGWKHµSHUIHFW¶
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UDWLQJIRUHFDVWVZKLFKDUHHTXDOWRWKHDFWXDOµUHDO-WLPH¶UDWLQJV575VUHVSHFWLYHO\
,W LV IRXQG WKDW5K\O)ODWVZRXOGQRWEHFXUWDLOHGHYHQZKHQ WKHN92+/VDUH
OLPLWHGE\6/5V7KLVLVEHFDXVHWKHLQVWDOOHGFDSDFLW\RI5K\O)ODWVLH0:LV
VPDOOHU WKDQWKH6/5VRIHLWKHU WKHFLUFXLW&RU&7KHUHIRUH LQRUGHU WR WHVW WKH
SUREDELOLVWLF UDWLQJ PHWKRG WKH LQVWDOOHG FDSDFLW\ RI 5K\O )ODWV LV VFDOHG XS WR
0:0:DQG0:WRHVWLPDWHKRZPXFKFXUWDLOPHQWFRXOGEHDYRLGHG
E\ XVLQJ '/5 IRUHFDVWV 7KH YROXPHV *:K RI ZLQG JHQHUDWLRQ FXUWDLOPHQWV DW
5K\O)ODWV IRUGLIIHUHQW LQVWDOOHGFDSDFLWLHVXQGHUGLIIHUHQW WKHUPDO OLPLWVRIN9
2+/VRYHUWKHHYDOXDWHGSHULRGDUHVKRZQLQ)LJ- 
 
)LJ - 9ROXPHV *:K RI ZLQG JHQHUDWLRQ FXUWDLOPHQW DW 5K\O )ODWV IRU GLIIHUHQW LQVWDOOHG
FDSDFLWLHVVXEMHFWWRGLIIHUHQWWKHUPDOOLPLWVRIN92+/VRYHUWKHHYDOXDWHGSHULRG 
,WLVIRXQGWKDWWKHOHYHOVRIFXUWDLOPHQWRI5K\O)ODWVXQGHUGLIIHUHQWWKHUPDOOLPLWV
RIN92+/VDUHWKHVDPHZKHQ5K\O)ODWVKDVDQLQVWDOOHGFDSDFLW\RI0:
7KLV VXJJHVWV WKDW5K\O )ODWV PD\EH FXUWDLOHGGXH WRRWKHU UHDVRQV HJ WKH UDPS
UDWHOLPLWUDWKHUWKDQWKHDPSDFLWLHVRIFLUFXLWV&DQG&7KHHOHFWULFLW\SURGXFHG
E\5K\O)ODWVFDQEHGLVSDWFKHGWRN9VXEVWDWLRQV%DQG%WKURXJK&DQG&
DV VKRZQ LQ )LJ - ZKLFK KDYH WKH 6/5V RI 09$ DQG 09$ LQ ZLQWHU
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-DQXDU\ DQG )HEUXDU\ DQG09$DQG09$ LQ VSULQJ 0DUFK UHVSHFWLYHO\
5HJDUGOHVVRIWKHOLPLWVRIUDPSUDWHVWKHPD[LPXPSHUPLWWHGSRZHURXWSXWRI5K\O
)ODWVFRXOGUHDFK09$LQZLQWHURU09$LQVSULQJZKLFKLVVWLOOKLJKHUWKDQ
WKH 0: LQVWDOOHG FDSDFLW\ RI 5K\O )ODWV 7KHUHIRUH WKHUH ZRXOG EH QR
FXUWDLOPHQWZLWK0:RIZLQGFDSDFLW\DW5K\O)ODWVFDXVHGE\WKHWKHUPDOOLPLWV
RI&DQG& 
7RTXDQWLI\WKHZLQGJHQHUDWLRQFXUWDLOPHQWFDXVHGE\OLQHDPSDFLW\FRQVWUDLQWVRQO\
WKHDPRXQWVRIFXUWDLOPHQWDW5K\O)ODWVGXHWRRWKHUUHDVRQVDUHHVWLPDWHGWKURXJK
LQFUHDVLQJ SRZHU WUDQVIHU FDSDFLWLHV RI WKH HLJKW N9 2+/V WR LQILQLW\ DQG WKHQ
VXEWUDFWHGIURPWKHWRWDOYROXPHVRIZLQGJHQHUDWLRQFXUWDLOPHQW)LJ-VKRZVWKH
YROXPHV *:KRIZLQGFXUWDLOPHQW DW5K\O)ODWV IRUGLIIHUHQW LQVWDOOHG FDSDFLWLHV
FDXVHG E\ SRZHU WUDQVIHU OLPLWV RI N9 2+/V RQO\ WKDW DUH GHWHUPLQHG E\ WKH
6/5VORZHUSHUFHQWLOHVRI'/5IRUHFDVWVDQGUHDO-WLPHUDWLQJV575VUHVSHFWLYHO\ 
 
)LJ - 9ROXPHV *:K RI ZLQG JHQHUDWLRQ FXUWDLOPHQW DW 5K\O )ODWV IRU GLIIHUHQW LQVWDOOHG
FDSDFLWLHV FDXVHGE\ WKHUPDO OLPLWV RI N92+/V RQO\ WKDW DUH GHWHUPLQHGE\ 6/5V333
YDOXHVDQGUHDO-WLPHUDWLQJV575VRYHUWKHHYDOXDWHGSHULRG 
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7KH VLPXODWLRQ UHVXOWVGHPRQVWUDWH WKDW D WKHSRZHU WUDQVIHU FDSDFLWLHV RIN9
2+/VZRXOGQRW OLPLW WKHRXWSXWVRI5K\O)ODWVZLWK LQVWDOOHGFDSDFLWLHVRI0:
DQG0:EZKHQ5K\O)ODWVLVVFDOHGXSWR0:WKH*:KFXUWDLOPHQW
FDXVHG E\ WKH 6/5V RI N9 2+/V LV UHGXFHG E\ *:K  *:K
DQG*:KWKURXJKWKHXVHRIWKH33DQG3YDOXHVRI'/5
IRUHFDVWVDVWKHSRZHUWUDQVIHUOLPLWVRIN92+/VFZKHQWKHLQVWDOOHGFDSDFLW\
LV LQFUHDVHG WR0:WKH*:KZLQGFXUWDLOPHQWGXH WR WKHFXUUHQW-FDUU\LQJ
FDSDFLWLHV RI N9 2+/V OLPLWHG E\ WKH 6/5V LV UHGXFHG E\ *:K 
*:KDQG*:KIRU WKH333IRUHFDVWVUHVSHFWLYHO\
DQGGZKHQWKHFXUUHQW-FDUU\LQJFDSDFLWLHVRIN92+/VDUHGHWHUPLQHGE\WKH
µSHUIHFW¶ '/5 IRUHFDVWV LH µUHDO-WLPH¶ UDWLQJV D KLJKHU YROXPH RI UHGXFHG ZLQG
JHQHUDWLRQFXUWDLOPHQWFRXOGEHDFKLHYHGLHIRUD0:LQVWDOOHGFDSDFLW\
DQGIRUD0:LQVWDOOHGFDSDFLW\ 
$VQRWHGLQ&KDSWHUWKHXSJUDGLQJRIUDWLQJVUHODWLYHWR6/5VLVXVXDOO\OLPLWHGWR
 GXH WR YDULRXV SUDFWLFDO LVVXHV :KHQ '/5 IRUHFDVWV DUH OLPLWHG WR  RI
6/5VWKH*:KZLQGFXUWDLOPHQWDW0:5K\O)ODWVFDXVHGE\WKH6/5VRI
N92+/V LV UHGXFHGE\*:K*:K*:K
DQG*:KIRUWKH333DQGµSHUIHFW¶'/5IRUHFDVWVUHVSHFWLYHO\ 
7.5. 5LVNVRI8VLQJ'\QDPLF/LQH5DWLQJ3HUFHQWLOHV 
7KHORZHUSHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVHVWLPDWHGIRUN92+/VKDYH
EHHQ IRXQG WREH FRQVHUYDWLYH VLQFH WKHSHUFHQWDJHVRI WLPH WKDW WKHDFWXDO UDWLQJV
H[FHHG WKH ORZHU '/5 SHUFHQWLOHV DUH JHQHUDOO\ OHVV WKDQ WKH WKHRUHWLFDO YDOXHV DV
OLVWHGLQ7DEOH-)RUH[DPSOHWKHDFWXDOUDWLQJVDUHVPDOOHUWKDQWKH-VWHS-DKHDG
3IRUHFDVWVLQRQO\RIFDVHVIRUFLUFXLW&DQGLQRIFDVHVIRUFLUFXLW&
,QSUDFWLFHWKHSUREDELOLW\RIWKHOLQHORDGVFKHGXOHGE\WKH3IRUHFDVWVH[FHHGLQJ
WKHDFWXDOUDWLQJZLOOEHVPDOOHUWKDQWKHSUREDELOLW\WKDWWKHDFWXDOUDWLQJLVEHORZWKH
3IRUHFDVWVLQFHWKHOLQHFXUUHQWFDQQRWDOZD\VUHDFKWKHOHYHORIWKH3IRUHFDVW 
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7R H[DPLQH WKH ULVN RI WKH OLQH FXUUHQW H[FHHGLQJ WKH DFWXDO UDWLQJ XQGHU WKH
VFKHGXOHV GHULYHG IURP WKH 3 IRUHFDVWV WKH SRZHU IORZV SDVVLQJ WKURXJK HDFK
N92+/DUHFRPSDUHGZLWKWKHLUDFWXDOUDWLQJVRYHUWKHSHULRGIURP
WR7KHGLIIHUHQFHVEHWZHHQ WKH OLQH FXUUHQWV DQG WKH DFWXDO UDWLQJV IRU
FLUFXLWV&DQG&DUHVKRZQLQ)LJ-ZKHUH5K\O)ODWV LVVFDOHGXSWR0:
DQG0:UHVSHFWLYHO\7KHOLQHORDGVRQFLUFXLW&DUHIRXQGWREHDOZD\VVPDOOHU
WKDQ WKH DFWXDO UDWLQJV :KHQ 5K\O )ODWV KDV 0: DQG 0: LQVWDOOHG
FDSDFLWLHV WKHOLQHORDGVRQFLUFXLW&H[FHHGWKHDFWXDOUDWLQJVLQFDVHV
DQGFDVHVUHVSHFWLYHO\ 
 
)LJ-'LIIHUHQFHV ܯܸܣEHWZHHQ OLQH ORDGVDQGDFWXDO UDWLQJVRQFLUFXLWV&DQG&XQGHU WKH
VFKHGXOHVGHULYHGIURPWKH3IRUHFDVWVIRUGLIIHUHQWVFDOHVRI5K\O)ODWVZLQGIDUP 
7KRXJKWKHDFWXDOUDWLQJVDUHVKRZQWREHVPDOOHUWKDQWKH3IRUHFDVWVLQDURXQG
DQGRIFDVHVIRU&DQG&UHVSHFWLYHO\WKHORDGVFDUULHGE\&DQG&UDUHO\
H[FHHGWKHDFWXDOUDWLQJV:KHQWKHSRZHUWUDQVIHUOLPLWVRIN9OLQHVDUHUHPRYHG
LHLQILQLWHSRZHUWUDQVIHUFDSDFLWLHVGXULQJWKH23)FDOFXODWLRQ&LVIRXQGWREH
RYHUORDGHG LQ  FDVHV  ZKHUH 5K\O IODWV LV DVVXPHG WR KDYH DQ LQVWDOOHG
FDSDFLW\RI0:7KHORZSUREDELOLW\RIRYHUORDGLQJRQWKHWZR2+/VPD\EHLQ
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SDUW GXH WR UHODWLYHO\ VLJQLILFDQW SRVLWLYH FRUUHODWLRQV EHWZHHQ WKH DYDLODEOH ZLQG
SRZHUV IURP 5K\O )ODWV DQG UHDO-WLPH UDWLQJV RI & DQG & LH  DQG 
UHVSHFWLYHO\7KLVLVEHFDXVHWKH\DUHDOOGHULYHGIURPWKHZLQGVSHHGPHDVXUHPHQWV
DWZHDWKHUVWDWLRQV7KHKLJKFXUUHQW-FDUU\LQJFDSDFLWLHVRIWKHFRQQHFWHGFLUFXLWVWKDW
FRLQFLGH ZLWK WKH KLJK DYDLODEOH ZLQG SRZHU DUH PRVWO\ VXIILFLHQW WR WUDQVIHU WKH
SRZHU RXWSXWV IURP 5K\O )ODWV ZLWK DVVXPHG LQVWDOOHG FDSDFLWLHV RI 0: DQG
0:)XUWKHUPRUHWKHJURZWKLQWKHDVVXPHGLQVWDOOHGFDSDFLW\DW5K\O)ODWVLV
VKRZQWRLQFUHDVHWKHULVNRIRYHUORDGLQJRQWKHFRQQHFWHGFLUFXLWV 
7KHVWDWLFUDWLQJLWVHOILVQRWZLWKRXWULVNVLQFHWKH6/5VDUHIRXQGWREHJUHDWHUWKDQ
WKH DFWXDO UDWLQJV LQ  FDVHV  IRU & DQG LQ  FDVHV  IRU &
+RZHYHUWKHXVHRIWKH6/5VDVWKHWKHUPDOOLPLWVRIN92+/VGRHVQRWUHVXOWLQ
& RU & EHLQJ RYHUORDGHG 'XH WR WKH UHODWLYHO\ VLJQLILFDQW SRVLWLYH FRUUHODWLRQV
EHWZHHQWKHPRGHOOHGDYDLODEOHZLQGSRZHUVDQGWKHFDOFXODWHGOLQHUDWLQJVWKHKLJK
ZLQGRXWSXWVDW5K\O)ODWVLQWKHRYHUORDGLQJFDVHVDUHIRXQGWREHDFFRPSDQLHGE\
WKHDFWXDOUHDO-WLPHUDWLQJVRI&WKDWDUHKLJKHUWKDQWKH6/5V7KHUHIRUHZKHQWKH
6/5VDUHDGRSWHGDVWKHWKHUPDOOLPLWVWKHOLQHRYHUORDGLQJLQWKHVHFDVHVLVDYRLGHG
EXW DW D FRVW RI ORVLQJ D FHUWDLQ KHDGURRP IRU 5K\O )ODWV WR JHQHUDWH RYHU WKH
FRPSOHWHHYDOXDWHGSHULRG7KLVFDQEHLQVSHFWHGLQ)LJ- 
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7.6. &RQFOXVLRQV 
7KLVFKDSWHUKDVHYDOXDWHG WKHXVHRI WKH ORZHUSHUFHQWLOHVRIVWHDG\-VWDWHG\QDPLF
OLQHUDWLQJ'/5IRUHFDVWVZLWKUHVSHFWWRDOOHYLDWLQJZLQGJHQHUDWLRQFXUWDLOPHQWRI
GLIIHULQJZLQGIDUPFDSDFLWLHVDW5K\O)ODWVZLQGIDUP0:DQGDOVRDVHULHVRI
XSVFDOHGZLQG IDUPV WKDWKDVDFRQQHFWLRQ WR WKHN9QHWZRUN LQ1RUWK:DOHV
7KH UHGXFWLRQV LQZLQGJHQHUDWLRQFXUWDLOPHQW DW5K\O )ODWV DFKLHYHGE\XVLQJ WKH
ORZHUSHUFHQWLOHVRI'/5IRUHFDVWVRIHLJKWN9RYHUKHDGOLQHV2+/VLQSODFHRI
WKHVWDWLFOLQHUDWLQJV6/5VDUHHVWLPDWHGEDVHGRQWKHDVVXPSWLRQVRIWKHDYDLODEOH
ZLQGSRZHUIRUHFDVWVEHLQJHTXDO WR WKHLUDFWXDOYDOXHVDQGWKHFRQQHFWLRQRI5K\O
)ODWVWRWKHN9EXVEHLQJVXIILFLHQWIRUWKHWUDQVIHURISRZHUDYDLODEOHIURPWKH
ZLQGIDUP 
7KHN9QHWZRUNDQGN9LQWHUFRQQHFWHGGLVWULEXWLRQQHWZRUNVLQ1RUWK:DOHV
DUH UHSUHVHQWHG LQ 0$732:(5 8VLQJ 2SWLPDO 3RZHU )ORZ WKH SODQQHG SRZHU
RXWSXWV IURP ZLQG IDUPV DUH PD[LPLVHG XQGHU WKH FRQVWUDLQWV RI WKH PD[LPXP
DOORZDEOH ZLQG JHQHUDWLRQ UDPS UDWHV WKH H[SHFWHG DYDLODEOH ZLQG SRZHUV DQG
IRUHFDVWVRISRZHU WUDQVIHU FDSDFLWLHVRI2+/V7KH'/5 IRUHFDVWV IRU XS WR WKUHH
-PLQXWHVWLPHVWHSVDKHDGDUHDOOFRQVLGHUHGWRDYRLGWKHULVNRIWKHUHGXFWLRQLQ
ZLQG IDUP RXWSXW UHTXLUHG WR PHHW WKH OLQH DPSDFLW\ FRQVWUDLQW H[FHHGLQJ WKH
PD[LPXPYROXPHWKDWWKHZLQGIDUPLVDOORZHGWRUDPSGRZQLQPLQXWHVJLYHQ
LWV PD[LPXP DOORZDEOH UDPS UDWH :KHQ 5K\O )ODWV LV VFDOHG XS WR 0: DQG
0: WKH XVH RI WKH ORZHU SHUFHQWLOHV LH WKH VW UG DQG WK SHUFHQWLOHV RI
VWHDG\-VWDWH '/5 IRUHFDVWV VKRZV WKH SRWHQWLDO WR UHGXFH WKH ZLQG JHQHUDWLRQ
FXUWDLOPHQWGXHWRWKHWKHUPDOOLPLWVRIN92+/VGHWHUPLQHGE\6/5VE\JUHDWHU
WKDQLHDQGIRUWKHWKUHH'/5SHUFHQWLOHVDQGLH
DQGIRUWKHWKUHH'/5SHUFHQWLOHVUHVSHFWLYHO\RYHUWKHSHULRG
IURP WR:KHQ FXUUHQW-FDUU\LQJFDSDFLWLHVRIN92+/V
DUH GHWHUPLQHG E\ WKH µSHUIHFW¶ UDWLQJ IRUHFDVWV LH UHDO-WLPH UDWLQJV WKH ZLQG
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JHQHUDWLRQFXUWDLOPHQW DW5K\O )ODWVZLWK0:DQG0:LQVWDOOHGFDSDFLWLHV
FDXVHGE\WKH6/5EDVHGWKHUPDOOLPLWVLVUHGXFHGE\DQGUHVSHFWLYHO\
RYHUWKHHYDOXDWHGSHULRG 
,Q WKH PRGHOOLQJ WKH H[SHFWHG DYDLODEOH ZLQG SRZHU LV DSSUR[LPDWHO\ HVWLPDWHG
EDVHGRQLQIHUHQFHRIZLQGVSHHGDWKXEKHLJKWDWWKHFHQWUHRIWKHZLQGIDUPIURP
ZLQGVSHHGVREVHUYHGDWZHDWKHUVWDWLRQVFRPELQHGZLWKDJHQHULFSRZHUFXUYHIRUD
VLQJOH WXUELQH 7KLV PD\ OHDG WR WKH FRUUHODWLRQV EHWZHHQ WKH FDOFXODWHG DYDLODEOH
ZLQG SRZHUV DQG WKH UDWLQJV RI WKH FRQQHFWHG OLQHV GHULYHG IURP ZLQG VSHHG
PHDVXUHPHQWVEHLQJKLJKHU WKDQ LQDFWXDOLW\:KHQ WKHFRUUHODWLRQVDUHKLJKHU WKDQ
DFWXDOYDOXHVFRQVHUYDWLYHO\VHWOLPLWVWRWUDQVIHURQWKHFRQQHFWHGOLQHVZLOORIWHQEH
KLJKDWWKHVDPHWLPHDVWKHUHDUHKLJKH[SRUWVIURP5K\O)ODWV7KXVWKHUHGXFWLRQ
LQZLQGJHQHUDWLRQFXUWDLOPHQWDFKLHYHGE\XVLQJWKHORZHU'/5SHUFHQWLOHVDV WKH
WKHUPDOOLPLWVRIN92+/VPD\EHRYHUHVWLPDWHGLQWKHZRUNFRQGXFWHGKHUH,Q
DGGLWLRQWKHLUVLJQLILFDQWSRVLWLYHFRUUHODWLRQVUHGXFHWKHULVNRIRYHUORDGLQJRQWKH
FRQQHFWHGOLQHVVLQFHWKHDFWXDOUDWLQJVRIWKHFRQQHFWHG2+/VDUHPRVWO\VXIILFLHQW
WR WUDQVIHU WKH SRZHU RXWSXWV IURP 5K\O )ODWV HYHQ LI WKH\ DUH VPDOOHU WKDQ WKH
DGRSWHG'/5SHUFHQWLOHV$OWKRXJKWKH6/5VH[FHHGWKHDFWXDOUDWLQJVLQVRPHFDVHV
XVLQJWKH6/5VDVOLQHDPSDFLW\FRQVWUDLQWVZRXOGQRWUHVXOWLQWKHFRQQHFWHGFLUFXLWV
EHLQJRYHUORDGHGLQWKLVZRUNDWDFRVWRIORVLQJDFHUWDLQKHDGURRPIRU5K\O)ODWVWR
GHOLYHUDGGLWLRQDOHOHFWULFLW\WRWKHQHWZRUNRYHUWKHHYDOXDWHGSHULRG  
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8. &21&/86,216$1')8785(:25. 
7KH WKHVLV KDV SUHVHQWHG ZHDWKHU-EDVHG DSSURDFKHV WR SUREDELOLVWLF IRUHFDVWLQJ RI
G\QDPLFOLQHUDWLQJ'/5IRURYHUKHDGOLQHV2+/V&RQGLWLRQDOO\KHWHURVFHGDVWLF
DXWR-UHJUHVVLYHPRGHOVKDYHEHHQGHYHORSHGWRGHWHUPLQHSUHGLFWLYHGLVWULEXWLRQVRI
WKHPHDVXUHGZHDWKHUYDULDEOHV IRU DQXPEHURI -PLQXWHV WLPHVWHSVDKHDG IURP
KLVWRULFZHDWKHUREVHUYDWLRQVUHFRUGHGDWZHDWKHUVWDWLRQVDORQJWKHURXWHRI2+/V
)RUDSDUWLFXODURYHUKHDGVSDQLQSUR[LPLW\WRDZHDWKHUVWDWLRQ WKHGLVWULEXWLRQRI
FRQWLQXRXVRUVWHDG\-VWDWH'/5IRUHFDVWVDWDSDUWLFXODUIXWXUHPRPHQWLVFDOFXODWHG
IURPWKHSUHGLFWLYHGLVWULEXWLRQVLGHQWLILHGIRUWKHPHDVXUHGZHDWKHUYDULDEOHVXVLQJ
0RQWH &DUOR VLPXODWLRQ FRPELQHG ZLWK D WKHUPDO PRGHO RI RYHUKHDG FRQGXFWRUV
:KHQ HVWLPDWLQJ SUREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH '/5V IRU DQ HQWLUH 2+/
SRVVLEOH ZHDWKHU FRQGLWLRQV DW HDFK VSDQ ZLWKLQ WKH OLQH DUH LQIHUUHG IURP UDQGRP
VDPSOHVRIWKHPHDVXUHGZHDWKHUYDULDEOHVDWZHDWKHUVWDWLRQVXVLQJVXLWDEOHVSDWLDO
LQWHUSRODWLRQPRGHOV7KHPLQLPXPYDOXHRI VWHDG\-VWDWH'/5IRUHFDVWVDPRQJDOO
VSDQVLV LGHQWLILHGDV WKH'/5IRUHFDVWIRUWKHHQWLUH2+/LQHDFKRIWKHJHQHUDWHG
VFHQDULRV IURP ZKLFK SUHGLFWLYH '/5 SHUFHQWLOHV RI WKH 2+/ DUH HVWLPDWHG 7KH
DSSURDFK WR SUREDELOLVWLF IRUHFDVWLQJ RI WUDQVLHQW-VWDWH RU VKRUW-WHUP '/5V IRU D
SDUWLFXODU VSDQFRQVLGHUVFKDQJHVRIZHDWKHU IRUHFDVWVDW HDFK IXWXUH WLPHVWHSDQG
WKHWKHUPDOLQHUWLDRIWKHFRQGXFWRUV8VLQJDQHQKDQFHGDQDO\WLFDODSSURDFKWR WKH
WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUHPRGHOOLQJ WKH WUDQVLHQW-VWDWH'/5 IRUHFDVW LV
FDOFXODWHGDVWKDWZKLFK\LHOGVWKHPD[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUHDWWKH
HQGRIDVSHFLILHGWLPHSHULRGXQGHUZHDWKHUSUHGLFWLRQVDWGLIIHUHQWIXWXUHPRPHQWV
LQHDFKJHQHUDWHGVFHQDULR7KHSURSRVHGZHDWKHU-EDVHG'/5IRUHFDVWLQJDSSURDFKHV
KDYH EHHQ WHVWHG RQ N9 2+/V FRPSRVHG RI GLIIHUHQW W\SHV RI RYHUKHDG
FRQGXFWRUV DORQJ ZKLFK QLQH ZHDWKHU VWDWLRQV KDYH EHHQ LQVWDOOHG LQ 1RUWK :DOHV
7KLV FKDSWHU ZLOO FRQFOXGH E\ VXPPDULVLQJ ILQGLQJV IURP WKH ZRUN XQGHUWDNHQ RQ
SUREDELOLVWLF ZHDWKHU IRUHFDVWLQJ VSDWLDO LQWHUSRODWLRQ RI ZHDWKHU YDULDEOHV
SUREDELOLVWLFIRUHFDVWLQJRIERWKVWHDG\-VWDWHDQG WUDQVLHQW-VWDWH'/5VDQGSRWHQWLDO
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DSSOLFDWLRQ RI SUREDELOLVWLF '/5 IRUHFDVWV IRU ZLQG SRZHU LQWHJUDWLRQ )XWXUH
UHVHDUFK WKDW FDQ IXUWKHU HQKDQFH WKH ZHDWKHU-EDVHG '/5 IRUHFDVWLQJ PRGHO
GHYHORSHGKHUHLVDOVRGLVFXVVHG 
8.1. 3UREDELOLVWLF6WHDG\-6WDWH'/5)RUHFDVWLQJIRUD6SDQ 
8.1.1. 3UREDELOLVWLFZHDWKHUIRUHFDVWLQJ 
'LIIHUHQW WLPH VHULHV IRUHFDVWLQJ PRGHOV KDYH EHHQ FRPSDUHG IRU WKH SXUSRVH RI
SURYLGLQJDSUREDELOLVWLFZHDWKHUIRUHFDVWLHRQHWKDWGRHVQRWVLPSO\JLYHDVLQJOH
SRLQWHVWLPDWHEXWLQVWHDGTXDQWLILHVWKHUDQJHRIIXWXUHYDOXHVDQGWKHLUOLNHOLKRRG
8QLYDULDWH DXWR-UHJUHVVLYH $5 PRGHOV DQG YHFWRU DXWR-UHJUHVVLYH 9$5 PRGHOV
ZLWK GLIIHUHQW PRGHO RUGHUV DQG OHQJWKV RI VOLGLQJ WUDLQLQJ ZLQGRZ DUH VHSDUDWHO\
GHYHORSHGWRGHWHUPLQHSRLQWIRUHFDVWVRIWKHPHDVXUHGZHDWKHUYDULDEOHVDVDVXPRI
DOLQHDUFRPELQDWLRQRIKLVWRULFGH-WUHQGHGGDWDDQGWHPSRUDO WUHQGVH[WUDFWHGIURP
WKHWUDLQLQJZLQGRZE\)RXULHUVHULHV7KHVXLWDEOHDXWR-UHJUHVVLYHPRGHODORQJZLWK
PRGHORUGHUDQGWUDLQLQJZLQGRZOHQJWKLVGHWHUPLQHGIRUHDFKZHDWKHUYDULDEOHDV
WKDW ZKLFK JLYHV WKH EHVW LPSURYHPHQW LQ URRW PHDQ VTXDUH HUURU 506( RYHU
SHUVLVWHQFHIRUHFDVWLQJIRUHDFKIRUHFDVWWLPHKRUL]RQ9$5IRUHFDVWLQJPRGHOVKDYH
EHHQ VHOHFWHG IRU DLU WHPSHUDWXUH DQG VRODU UDGLDWLRQ VLQFH WKH\ JLYH D PRUH
VLJQLILFDQWLPSURYHPHQWLQ506(RYHUSHUVLVWHQFHWKDQ$5PRGHOV)RUZLQGVSHHG
DQGZLQGGLUHFWLRQDKLJKHU-RUGHU$5PRGHOLVSUHIHUUHGVLQFHLWSHUIRUPVVLPLODUO\
WRRUHYHQEHWWHUWKDQD9$5PRGHORIDORZHURUGHUDQGKDVIHZHUPRGHOSDUDPHWHUV
ZKLFK VDYHV FRPSXWDWLRQ WLPH LQ WKH SURFHVV RI PLQLPLVLQJ FRQWLQXRXV UDQNHG
SUREDELOLW\ VFRUH &536 YDOXH )XUWKHUPRUH WR DGGUHVV WKH FLUFXODU SURSHUWLHV RI
ZLQG GLUHFWLRQ ZLQG GLUHFWLRQV DUH GHFRPSRVHG LQWR WKH QRUWKHUO\ DQG HDVWHUO\
FRPSRQHQWV EHIRUH GH-WUHQGLQJ DQG WKH DSSOLFDWLRQ RI WKH $5 PRGHO WKHQ ZLQG
GLUHFWLRQVDUHSUHGLFWHGEDVHGRQIRUHFDVWVRIWKHWZRVHSDUDWHFRPSRQHQWV 
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7KH SUHGLFWLYH GLVWULEXWLRQV RI DLU WHPSHUDWXUH ZLQG VSHHG DQG ZLQG GLUHFWLRQ DUH
DVVXPHG WR EH QRUPDO WUXQFDWHG QRUPDO ZLWK D FXW-RII DW ]HUR DQG YRQ 0LVHV
UHVSHFWLYHO\7KHDGRSWHG$5DQG9$5IRUHFDVWLQJPRGHOVDUHGHYHORSHGIXUWKHUWR
GHWHUPLQHGLVWULEXWLRQVRIZHDWKHUIRUHFDVWVWKURXJKPRGHOOLQJWKHSUHGLFWLYHVSUHDG
RUFRQFHQWUDWLRQSDUDPHWHUDVWLPHYDULDEOHUHIOHFWLQJFRQGLWLRQDOKHWHURVFHGDVWLFLW\
7KLV VSUHDG LV PRGHOOHG DV D OLQHDU IXQFWLRQ RI WKH URRW PHDQ VTXDUH RI UHFHQW
FKDQJHVLQGH-WUHQGHGGDWDZLWKLQRQHKRXUIRUDLUWHPSHUDWXUHDQGZLQGVSHHGRUWKH
FRQFHQWUDWLRQ RI KLVWRULF REVHUYDWLRQV ZLWKLQ WKH PRVW UHFHQW WZR KRXUV IRU ZLQG
GLUHFWLRQ 7KH PRGHO SDUDPHWHUV DUH GHWHUPLQHG WR PLQLPLVH WKH DYHUDJH YDOXH RI
&536 D VXPPDU\ LQGLFDWRU WR DVVHVV SUREDELOLVWLF IRUHFDVWV ZLWK UHVSHFW WR
FDOLEUDWLRQDQGVKDUSQHVVLQWKHWUDLQLQJZLQGRZ3UREDELOLVWLFIRUHFDVWVRIZHDWKHU
YDULDEOHVSURGXFHGE\WKHFRQGLWLRQDOO\KHWHURVFHGDVWLF&+PRGHOVVKRZDVPDOOHU
DYHUDJH&356YDOXHDEHWWHUFDOLEUDWLRQDQGDPRUHFRQFHQWUDWHGGLVWULEXWLRQRYHU
KDOI RI WKH WLPH WKDQ VLPSO\ PRGHOOLQJ WKH SUHGLFWLYH VSUHDG RU FRQFHQWUDWLRQ
SDUDPHWHUDVDFRQVWDQW DVZLWKKRPRVFHGDVWLFLW\)XUWKHUPRUHSRLQW IRUHFDVWVRU
H[SHFWHG YDOXHV RI SUREDELOLVWLF IRUHFDVWV HVWLPDWHG E\ WKH 9$5-&+ RU $5-&+
PRGHOVVKRZKLJKHUDFFXUDFLHVWKDQSHUVLVWHQFHIRUHFDVWVIRUHDFKZHDWKHUYDULDEOH
0RUHRYHU D PRUH VLJQLILFDQW LPSURYHPHQW LQ 506( RYHU SHUVLVWHQFH LV DFKLHYHG
ZLWK LQFUHDVLQJ ORRN DKHDG 7KHUHIRUH VXLWDEOH $5 RU 9$5 IRUHFDVWLQJ PRGHOV
FRPELQHG ZLWK FRQGLWLRQDO KHWHURVFHGDVWLFLW\ DUH HPSOR\HG WR SURGXFH SUHGLFWLYH
GLVWULEXWLRQVRIWKHPHDVXUHGZHDWKHUYDULDEOHV 
8.1.2. 3UREDELOLVWLFVWHDG\-VWDWH'/5IRUHFDVWVIRUDVSDQ 
)RUDSDUWLFXODUVSDQLQSUR[LPLW\WRDZHDWKHUVWDWLRQSUHGLFWLYHGLVWULEXWLRQVRIWKH
PHDVXUHGZHDWKHUYDULDEOHVFDQEHGLUHFWO\XVHG WRFDOFXODWHSUREDELOLVWLF IRUHFDVWV
RI VWHDG\-VWDWH '/5V IRU WKH VSDQ E\ D FRPELQDWLRQ RI WKH 0RQWH &DUOR PHWKRG
ZKHUH UDQGRP ZHDWKHU VDPSOHV DUH LQGHSHQGHQWO\ JHQHUDWHG IURP WKH PRGHOOHG
SUHGLFWLYHGLVWULEXWLRQVDWDSDUWLFXODUIXWXUHWLPHDQGDWKHUPDOPRGHORIRYHUKHDG
FRQGXFWRUV 3RLQW IRUHFDVWV RI VRODU UDGLDWLRQ DUH XVHG LQ WKLV UHVHDUFK LQVWHDG RI
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SUREDELOLVWLF IRUHFDVWV VLQFH FRQGXFWRU WHPSHUDWXUH LV LQVHQVLWLYH WR WKH FKDQJH LQ
VRODUUDGLDWLRQZKHQZLQGVSHHGVDUHDERYHDPRGHVWOHYHORUFRQGXFWRUWHPSHUDWXUHV
DUH UHODWLYHO\ KLJK $ UDQN FRUUHODWLRQ EDVHG SDLULQJ PHWKRG LV DGRSWHG WR SDLU WKH
LQGHSHQGHQW ZHDWKHU VDPSOHV VR DV WR KDYH FRUUHODWLRQV VLPLODU WR WKRVH FDOFXODWHG
IURPZHDWKHUREVHUYDWLRQVZLWKLQWKHPRVWUHFHQWGD\V7KHUDQNFRUUHODWLRQVRI
WKH SDLUHG UDQGRP ZHDWKHU VDPSOHV DUH FORVH WR WKRVH DPRQJ WKHLU UHFHQW
REVHUYDWLRQVHVSHFLDOO\IRUOLQHDUYDULDEOHVLHDLUWHPSHUDWXUHDQGZLQGVSHHG 
7KHSUREDELOLVWLFIRUHFDVWVRIVWHDG\-VWDWH'/5VIRUDSDUWLFXODUVSDQHVWLPDWHGIURP
LQGHSHQGHQW UDQGRP ZHDWKHU VDPSOHV VKRZ D EHWWHU FDOLEUDWLRQ WKDQ WKRVH WKDW DUH
GHULYHGIURPFRUUHODWHGZHDWKHUVDPSOHVHVSHFLDOO\DWORZHUDQGKLJKHUSHUFHQWLOHV
7KH RYHUFRQFHQWUDWHG GLVWULEXWLRQV RI '/5 IRUHFDVWV FDOFXODWHG IURP WKH SDLUHG
ZHDWKHU VDPSOHV DUH PDLQO\ GXH WR WKH FRUUHODWLRQV DGGHG LQWR UDQGRP VDPSOHV RI
ZLQG VSHHGDQGZLQGGLUHFWLRQ$OWKRXJKSRVLWLYH FRUUHODWLRQVEHWZHHQ VDPSOHVRI
DLU WHPSHUDWXUH DQG ZLQG VSHHG FDQ DOVR QDUURZ SUHGLFWLYH GLVWULEXWLRQV RI '/5V
WKHLU LPSDFW RQ WKH FRQFHQWUDWLRQ RI SUREDELOLVWLF '/5 IRUHFDVWV LV OLPLWHG E\ WKH
UHODWLYHO\KLJKDFFXUDF\RIDLUWHPSHUDWXUHSUHGLFWLRQ 
8.2. 3UREDELOLVWLF6WHDG\-6WDWH'/5)RUHFDVWVIRUDQ2+/ 
8.2.1. 6SDWLDOLQWHUSRODWLRQPRGHOV 
7R HVWLPDWH SUREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH '/5V IRU D FRPSOHWH 2+/
VXLWDEOHVSDWLDOLQWHUSRODWLRQPRGHOVDUHUHTXLUHGWRLQIHUSRVVLEOHZHDWKHUIRUHFDVWV
H[SHULHQFHGDW HDFKVSDQZLWKLQ WKH2+/IURP UDQGRPZHDWKHU VDPSOHVJHQHUDWHG
IURP WKH SUHGLFWLYH GLVWULEXWLRQV WKDW DUH PRGHOOHG IRU WKH PHDVXUHG ZHDWKHU
YDULDEOHV DW ZHDWKHU VWDWLRQV $Q DSSURSULDWH VSDWLDO LQWHUSRODWLRQ PRGHO KDV EHHQ
GHWHUPLQHG IRU HDFK ZHDWKHU SDUDPHWHU IURP GLIIHUHQW FRPELQDWLRQV RI DQ LQYHUVH
GLVWDQFHZHLJKWLQJ,':PRGHORUDNULJLQJLQWHUSRODWLRQPRGHODQGWKHPRGHOOLQJ
RIVSDWLDOWUHQGVLQWHUPVRIWKHDVVRFLDWHGJHRJUDSKLFYDULDEOHV 
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,Q RUGHU WR HOLPLQDWH WKH LQIOXHQFH RI HOHYDWLRQ PHDVXUHPHQWV RI DLU WHPSHUDWXUHV
DQGZLQGVSHHGVDWRULJLQDOOHYHOVDUHFRQYHUWHGWRWKRVHDWWKHLUUHVSHFWLYHUHIHUHQFH
OHYHOVLHWKHVHDOHYHOIRUDLUWHPSHUDWXUHDQGPHWHUVDERYHVHDOHYHOIRUZLQG
VSHHG E\ XVLQJ WKH ODSVH UDWH DQG WKH ORJ-ODZ ZLQG SURILOH UHVSHFWLYHO\ $IWHU WKH
VSDWLDODQGWHPSRUDOGH-WUHQGLQJ WKHUHVLGXDOVRIZHDWKHUYDULDEOHVDW WKHUHIHUHQFH
OHYHOVDUHXVHGWRPRGHOWKHVHPL-YDULRJUDPVZKLFKFOHDUO\SUHVHQWVSDWLDOYDULDELOLW\
EHWZHHQ ZHDWKHU YDULDEOHV FRPSDUHG WR WKRVH H[WUDFWHG IURP RULJLQDO GDWD DQG DUH
DSSOLHGWRGHWHUPLQHSDUDPHWHUVRIWKHNULJLQJPRGHOV7KHVSDWLDOWUHQGVHVWLPDWHG
IRUWDUJHWORFDWLRQVHJDOOVSDQVDUHWKHQDGGHGEDFNLQWRWKHLQWHUSRODWLRQVDWWKH
HQG RI WKH ,': RU NULJLQJ SURFHVV 7KH LQWHUSRODWLRQ UHVXOWV IRU HDFK VSDQ DW WKH
UHIHUHQFHOHYHOVDUHFRQYHUWHGEDFNWRWKHHOHYDWLRQRIWKHVSDQ 
7KHXVHRIODSVHUDWHIRUDLUWHPSHUDWXUHDQGWKHPRGHOOLQJRIVSDWLDOWUHQGVRIZLQG
VSHHGVDWPDERYHVHDOHYHO LQ WHUPVRIGLVWDQFHWRRFHDQVLJQLILFDQWO\LPSURYH
WKH LQWHUSRODWLRQ DFFXUDF\ LQ 506( RYHU WKH VSDWLDO LQWHUSRODWLRQ PRGHOV XVHG LQ
SUHYLRXVZRUNXQGHUWDNHQE\'XUKDP8QLYHUVLW\ZKLFKGLGQRWFRQVLGHUWKHFKDQJH
RIDLUWHPSHUDWXUHZLWKHOHYDWLRQDQGXVHGPDERYHJURXQGOHYHODVWKHUHIHUHQFH
OHYHOIRUZLQGVSHHG7KHGH-WUHQGHGGDWDRIDLUWHPSHUDWXUHDWVHDOHYHOVKRZVLPLODU
VSDWLDO FRUUHODWLRQV RU VHPL-YDULDQFHV DW VKRUW GLVWDQFH ODJV ZKLFK ZHDNHQ WKH
NULJLQJZHLJKWDVVLJQHGWRWKHQHDUHVWVDPSOHGORFDWLRQDQGOHDGWRDKLJKHUDFFXUDF\
RI DLU WHPSHUDWXUH LQWHUSRODWLRQ WKDQ ,': )RU ZLQG VSHHG DQG VRODU UDGLDWLRQ WKH
NULJLQJPRGHOVSHUIRUPVOLJKWO\EHWWHUWKDQWKH,':PHWKRGVDWPRVWWDUJHWORFDWLRQV
7KLV PD\ EH EHFDXVH D WKH OLPLWHG QXPEHU RI ZHDWKHU VWDWLRQV LQFUHDVHV WKH
GLIILFXOW\ LQ DFFXUDWHO\ PRGHOOLQJ VSDWLDO UHODWLRQVKLSV DPRQJ ZHDWKHU YDULDEOHV
HVSHFLDOO\ DW VKRUW GLVWDQFH ODJV DQG E WKHLU IDLUO\ HYHQ GLVWULEXWLRQ FRQVWUDLQV
NULJLQJ¶VDGYDQWDJHRI FRPSHQVDWLRQ IRUFOXVWHU HIIHFWV LHZHDNHQLQJ WKHZHLJKWV
DVVLJQHG WR ZKDW DUH HIIHFWLYHO\ GXSOLFDWH PHDVXUHPHQWV LQ VLPLODU ORFDWLRQV ,Q
DGGLWLRQ WKHQXJJHWHIIHFW LQ WKHNULJLQJPRGHOZLOOZHDNHQWKHZHLJKWDVVLJQHGWR
WKH QHDUHVW VDPSOHG ORFDWLRQ 7KLV PD\ UHGXFH WKH LQWHUSRODWLRQ DFFXUDF\ IRU ZLQG
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VSHHGV WKDW DUH YHU\ FORVH WR D VDPSOHG ORFDWLRQ VLQFH ZLQG VSHHGV JHQHUDOO\ KDYH
VWURQJ FRUUHODWLRQV DW VKRUW GLVWDQFH ODJV 7KHUHIRUH WKH ,': PRGHOV WKDW VKRZ
VLPLODU DFFXUDFLHV DQG UHTXLUH OHVV FRPSXWDWLRQ WLPH WKDQ NULJLQJ DUH XVHG IRU
LQWHUSRODWLRQRIZLQGVSHHGDQGVRODUUDGLDWLRQLQWKLVZRUN7KH,':PRGHOKDVDOVR
EHHQDSSOLHGWRWKHQRUWKHUO\DQGHDVWHUO\FRPSRQHQWVRIZLQGGLUHFWLRQVVHSDUDWHO\
GXHWRWKHFLUFXODUSURSHUWLHVRIZLQGGLUHFWLRQ7KLVDFKLHYHVDKLJKHUDFFXUDF\WKDQ
WKHGLUHFWDSSOLFDWLRQRI,':WRRULJLQDOZLQGGLUHFWLRQV  
8.2.2. '/5IRUHFDVWVDQGSUHGLFWLRQVRIFULWLFDOVSDQIRUDQ2+/ 
7KHUDQGRPVDPSOHVRIDLUWHPSHUDWXUHDQGZLQGVSHHGJHQHUDWHGIURPWKHPRGHOOHG
SUHGLFWLYH GLVWULEXWLRQV DW GLIIHUHQW ZHDWKHU VWDWLRQV DUH ILUVW SDLUHG WR KDYH UDQN
FRUUHODWLRQV TXLWH FORVH WR WKRVH DPRQJ WKHLU KLVWRULF REVHUYDWLRQV ZLWKLQ WKH PRVW
UHFHQW  GD\V EHIRUH WKH DSSOLFDWLRQ RI VSDWLDO LQWHUSRODWLRQ PRGHOV 7KHQ
SUREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH '/5V IRU HDFK 2+/ DUH SURGXFHG IURP WKH
SRVVLEOH ZHDWKHU IRUHFDVWV DW DOO VSDQV ZLWKLQ WKH 2+/ WKDW DUH LQIHUUHG IURP WKH
LQGHSHQGHQW RU FRUUHODWHG UDQGRP VDPSOHV RI WKH PHDVXUHG ZHDWKHU YDULDEOHV E\
VXLWDEOHVSDWLDOLQWHUSRODWLRQPRGHOV7KHVLJQLILFDQWSRVLWLYHFRUUHODWLRQVDGGHGLQWR
UDQGRPVDPSOHVRIWKHVDPHZHDWKHUSDUDPHWHUVLHDLUWHPSHUDWXUHDQGZLQGVSHHG
DW GLIIHUHQW VWDWLRQV H[SDQG WKH GLVWULEXWLRQ RI '/5 IRUHFDVWV IRU DQ 2+/ DW D
SDUWLFXODUIXWXUHWLPH7KLVDOOHYLDWHVWKHSUREOHPRIRYHUFRQFHQWUDWLRQRISUHGLFWLYH
GLVWULEXWLRQVRI'/5VWKDWDUHGHULYHGIURPWKHLQGHSHQGHQWZHDWKHUVDPSOHV 
)XUWKHUPRUH WKH FULWLFDO VSDQ IRU HDFK 2+/ DW D SDUWLFXODU IXWXUH WLPH KDV EHHQ
SUHGLFWHG EDVHG RQ WKH IUHTXHQF\ RI HDFK VSDQ KDYLQJ WKH PLQLPXP '/5 IRUHFDVW
DPRQJ DOO VSDQV ZLWKLQ WKH 2+/ LQ WKH JHQHUDWHG VFHQDULRV 7KH ORFDWLRQ RI WKH
FULWLFDOVSDQLVDFFXUDWHO\SUHGLFWHGIRUWKHILYHPRVWIUHTXHQWFULWLFDOVSDQVLQJUHDWHU
WKDQRIFDVHVIRUPRVWOLQHV7KH2+/FRYHULQJDVKRUWGLVWDQFHDQGFRPSULVLQJ
DVPDOOQXPEHURIVSDQVRIVLPLODURULHQWDWLRQJHQHUDOO\KDVPRUHDFFXUDWHIRUHFDVWV
RIWKHFULWLFDOVSDQLQWKLVZRUN 
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8.3. 3UREDELOLVWLF7UDQVLHQW-6WDWH'/5)RUHFDVWLQJIRUD6SDQ 
8.3.1. (QKDQFHGDQDO\WLFDOPHWKRGIRUFRQGXFWRUWHPSHUDWXUHPRGHOOLQJ 
7KH WUDQVLHQW-VWDWHFRQGXFWRU WHPSHUDWXUHVZLWKLQDVSHFLILHG WLPHSHULRGDIWHUVWHS
FKDQJHV LQ OLQH FXUUHQW DQG ZHDWKHU YDULDEOHV DUH VHSDUDWHO\ PRGHOOHG E\ D
FRQYHQWLRQDODSSURDFKHVWKDWXVHWKHQRQ-VWHDG\-VWDWHKHDWEDODQFHHTXDWLRQWRWUDFN
WKH YDULDWLRQ LQ FRQGXFWRU WHPSHUDWXUH RYHU HDFK VXIILFLHQWO\ VPDOO WLPH LQWHUYDO
W\SLFDOO\  VHFRQGV DQG E DQDO\WLFDO PHWKRGV WKDW HVWLPDWH WKH FRQGXFWRU
WHPSHUDWXUHDVDQH[SRQHQWLDOIXQFWLRQRIWLPHE\DVVXPLQJWKHFRROLQJWHUPVLQWKH
QRQ-VWHDG\-VWDWHKHDWEDODQFHHTXDWLRQWREHOLQHDUZLWKFRQGXFWRUWHPSHUDWXUH7KH
DQDO\WLFDOPHWKRGGHYHORSHGLQ,(((6WDQGDUGLVHQKDQFHGKHUHWRDGGLWLRQDOO\
FRQVLGHU FKDQJHV LQ ZHDWKHU YDULDEOHV DQG IXOILO WKH UHTXLUHPHQW RI WKH FRQGXFWRU
EHLQJ LQ WKHUPDO HTXLOLEULXP SULRU WR WKH SRLQW ZKHQ WKH VWHS RFFXUV WKURXJK
LQIHUHQFHRIDQHTXLYDOHQWVWHDG\-VWDWHLQLWLDO OLQHFXUUHQWIURPWKHLQLWLDOFRQGXFWRU
WHPSHUDWXUHDQGZHDWKHUFRQGLWLRQVRYHUDJLYHQWLPHSHULRG7RUHGXFHFRPSXWDWLRQ
WLPHWKHVHFDQWPHWKRGDIDVWURRW-ILQGLQJDOJRULWKPLVXVHGWRILQGWKHVWHDG\-VWDWH
ILQDOFRQGXFWRUWHPSHUDWXUHFRUUHVSRQGLQJWRWKHOLQHFXUUHQWDQGZHDWKHUYDULDEOHV
DIWHUVWHSFKDQJHV 
7KHFRQYHQWLRQDODSSURDFK WKDWHYDOXDWHVKHDWLQJDQGFRROLQJ WHUPVDW WKHDYHUDJH
FRQGXFWRU WHPSHUDWXUH RYHU HDFK -VHFRQGV WLPH LQWHUYDO LV FRQVLGHUHG KHUH WR
SURYLGH DFFXUDWH HVWLPDWHV RI WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUHV VLQFH ILHOG
PHDVXUHPHQWV RI FRQGXFWRU WHPSHUDWXUHV DUH QRW DYDLODEOH %DVHG RQ WKH
H[SHULPHQWDOGDWDXVHGLQDFDOFXODWLRQH[DPSOHJLYHQLQ&,*5(7HFKQLFDO%URFKXUH
WKHFRQYHQWLRQDODSSURDFKWKDWHYDOXDWHVKHDWLQJDQGFRROLQJWHUPVDWWKHLQLWLDO
FRQGXFWRUWHPSHUDWXUHRYHUHDFK-PLQXWHWLPHLQWHUYDOLVIRXQGWRRYHUHVWLPDWHWKH
LQFUHDVHLQFRQGXFWRUWHPSHUDWXUHJLYHQDUHODWLYHO\VLJQLILFDQWJURZWKLQOLQHFXUUHQW
7KLVPHDQVWKDWWKHFRQYHQWLRQDODSSURDFKXVLQJWKHLQLWLDOFRQGXFWRUWHPSHUDWXUHWR
HYDOXDWH DVVRFLDWHG YDULDEOHV RYHU HDFK WLPH LQWHUYDO UHTXLUHV D YHU\ VPDOO WLPH
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LQWHUYDOWRHQVXUHWKHDFFXUDF\LQLWHUDWLYHFDOFXODWLRQV:KHQWUDFNLQJWUDQVLHQW-VWDWH
FRQGXFWRU WHPSHUDWXUHV IRU WZR SDUWLFXODU VSDQV RYHU HDFK -PLQXWH SHULRG WKH
HQKDQFHG DQDO\WLFDO PHWKRG UHTXLUHV OHVV FRPSXWDWLRQ WLPH DQG JHQHUDWHV PRUH
DFFXUDWH HVWLPDWHV RI FRQGXFWRU WHPSHUDWXUHV RQ DYHUDJH WKDQ WKH FRQYHQWLRQDO
DSSURDFKWKDWXVHVWKHLQLWLDOFRQGXFWRUWHPSHUDWXUHZLWKD-VHFRQGVWLPHLQWHUYDO
)XUWKHUPRUH WKHFRQGXFWRUWHPSHUDWXUHVDUHPRVWO\RYHUHVWLPDWHGE\WKHHQKDQFHG
DQDO\WLFDO PHWKRG WKDW HYDOXDWHV WKH DF UHVLVWDQFH DW WKH DYHUDJH RI WKH LQLWLDO DQG
VWHDG\-VWDWH ILQDO FRQGXFWRU WHPSHUDWXUHV +RZHYHU LQ VRPH SDUWLFXODU FDVHV WKH
HQKDQFHGDQDO\WLFDOPHWKRGPD\XQGHUHVWLPDWHWKHFRQGXFWRUWHPSHUDWXUHDWWKHHQG
RIDVSHFLILHGWLPHSHULRGGXHWRWKHOLQHDUL]HGFRQYHFWLRQKHDWORVVUDWHVEHLQJPXFK
JUHDWHUWKDQWKHDFWXDOYDOXHV 
8.3.2. 3UREDELOLVWLFWUDQVLHQW-VWDWH'/5IRUHFDVWVIRUDVLQJOHVSDQ 
7KHVHFDQWPHWKRGLVXVHGKHUHWRDGMXVWWKHWUDQVLHQW-VWDWH'/5XQWLOWKHFRQGXFWRU
WHPSHUDWXUH PRGHOOHG E\ WKH HQKDQFHG DQDO\WLFDO PHWKRG UHDFKHV WKH PD[LPXP
DOORZDEOH OLPLW DW WKH HQG RI D -PLQXWH -PLQXWH RU -PLQXWH SHULRG 7KH
-PLQXWH '/5 DQG -PLQXWH '/5 DUH OLPLWHG WR WKH FDOFXODWHG -PLQXWH '/5
DQGWKHFDOFXODWHGRUUHVWULFWHG-PLQXWH'/5UHVSHFWLYHO\VRDVWRDYRLGWKHULVNRI
WKHFRQGXFWRUWHPSHUDWXUHH[FHHGLQJWKHPD[LPXPDOORZDEOHOLPLWRYHUDVSHFLILHG
WLPHSHULRGDQGUHGXFLQJEDFNWRWKHOLPLWE\WKHHQGRIWKHWLPHSHULRG8QGHUWKH
WUDQVLHQW-VWDWH '/5 FDOFXODWHG IURP ZHDWKHU REVHUYDWLRQV WKURXJK WKH HQKDQFHG
DQDO\WLFDO PHWKRG WKH ILQDO FRQGXFWRU WHPSHUDWXUH HVWLPDWHG E\ WKH FRQYHQWLRQDO
DSSURDFK XVLQJ WKH DYHUDJH FRQGXFWRU WHPSHUDWXUH ZLWK D -VHFRQGV WLPH LQWHUYDO
GRHVQRWUHDFKWKHPD[LPXPDOORZDEOHOLPLWIRUPRVWRIWKHWLPHGXHWRWKHHQKDQFHG
DQDO\WLFDO PHWKRG¶V RYHUHVWLPDWLRQ LQ WKH JURZWK RI FRQGXFWRU WHPSHUDWXUH
)XUWKHUPRUH WKH GHYLDWLRQ IURP WKH PD[LPXP DOORZDEOH FRQGXFWRU WHPSHUDWXUH
GHFUHDVHV ZLWK DQ LQFUHDVHG OHQJWK RI WKH VSHFLILHG WLPH SHULRG 7KHUHIRUH WKH
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WUDQVLHQW-VWDWH '/5V HVWLPDWHG RQ WKH EDVLV RI WKH HQKDQFHG DQDO\WLFDO PHWKRG DUH
XVXDOO\FRQVHUYDWLYH 
5DQGRPVDPSOHVRIDLU WHPSHUDWXUHVDQGZLQGVSHHGVJHQHUDWHGIURPWKHPRGHOOHG
SUHGLFWLYH GLVWULEXWLRQV DW WKH VDPH DQG GLIIHUHQW IXWXUH PRPHQWV RYHU D SDUWLFXODU
IXWXUHKDOI-KRXUSHULRGDUH DOO SDLUHG WRKDYH UDQNFRUUHODWLRQVTXLWH FORVH WR WKRVH
WKDW DUH FRPSXWHG IURP WKHLU UHFHQW ZHDWKHU REVHUYDWLRQV7KH FKDQJHV RIZHDWKHU
IRUHFDVWV DW HDFK -PLQXWHV WLPH VWHS DUH DOO FRQVLGHUHG IRU WKH SUHGLFWLRQV RI
-PLQXWH-PLQXWHDQG-PLQXWHWUDQVLHQW-VWDWH'/5VLQHDFKJHQHUDWHGVFHQDULR
7KH VLJQLILFDQW SRVLWLYH FRUUHODWLRQV DPRQJ UDQGRP ZHDWKHU VDPSOHV RI WKH VDPH
SDUDPHWHUV DW GLIIHUHQW IXWXUH PRPHQWV H[SDQG WKH GLVWULEXWLRQV RI -PLQXWH DQG
-PLQXWH '/5 IRUHFDVWV ZKLFK KDYH EHWWHU FDOLEUDWLRQ DW WKH ORZHU DQG KLJKHU
SHUFHQWLOHVWKDQWKRVHGHULYHGIURPWKHLQGHSHQGHQWZHDWKHUVDPSOHV 
8.4. $FFXUDF\DQG(IIHFWLYHQHVVRI3UREDELOLVWLF'/5)RUHFDVWV 
7KHSRLQWIRUHFDVWVRIVWHDG\-VWDWHDQGWUDQVLHQW-VWDWH'/5VIRUDSDUWLFXODUVSDQRU
DQ HQWLUH 2+/ FDOFXODWHG IURP UDQGRP ZHDWKHU VDPSOHV WKDW DUH JHQHUDWHG E\ WKH
FRQGLWLRQDOO\ KHWHURVFHGDVWLF DXWR-UHJUHVVLYH $5-&+ IRUHFDVWLQJ PRGHOV PRVWO\
VKRZ JUHDWHU WKDQ  LPSURYHPHQWV LQ 506( RYHU WKRVH FRPSXWHG IURP
SHUVLVWHQFH IRUHFDVWV RI ZHDWKHU YDULDEOHV +RZHYHU WKH $5 IRUHFDVWLQJ PRGHOV¶
RYHUHVWLPDWLRQDWORZHUOHYHOVRIZLQGVSHHGVOHDGVWRXQVDWLVIDFWRU\SHUIRUPDQFHRI
WKH $5-&+ PRGHOV DW WKH ORZHU UDWLQJ OHYHOV HJ WKH OHYHOV EHORZ WKH VWDWLF OLQH
UDWLQJV 6/5V IRU D SDUWLFXODU VSDQ DQG EHORZ  6/5V IRU DQ 2+/ IRU
VWHDG\-VWDWH'/5VZKHUH WKH'/5 IRUHFDVWVDUH VLJQLILFDQWO\RYHUHVWLPDWHGE\ WKH
$5-&+PRGHOV7KHDGRSWLRQRIDFHUWDLQORZHUSHUFHQWLOHIURPDSUREDELOLVWLF'/5
IRUHFDVW FDQ PLWLJDWH WKH ULVN RI XVLQJ WKH RYHUHVWLPDWHG SRLQW IRUHFDVWV RI WKH
$5-&+PRGHOVEDVHG'/5V 
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7KH HIIHFWLYHQHVV RI DGRSWLQJ D SDUWLFXODU ORZHU '/5 SHUFHQWLOH HJ WKH WK
SHUFHQWLOH3YDOXHDV WKHWKHUPDOOLPLWIRUDSDUWLFXODUVSDQRUDQ2+/KDVEHHQ
DVVHVVHGWKURXJKDQH[DPLQDWLRQRIWKHGLIIHUHQFHVEHWZHHQWKHDFWXDOUDWLQJVDQGWKH
3IRUHFDVWV7KHH[SHULPHQWDO UHVXOWVVKRZWKDW WKH3IRUHFDVWVH[FHHG WKH DFWXDO
UDWLQJVLQQRPRUHWKDQRIFDVHVRQDYHUDJH 
8.5. $SSOLFDWLRQRI3UREDELOLVWLF'/5)RUHFDVWLQJ 
7KHSRWHQWLDODSSOLFDWLRQRI'/5IRUHFDVWLQJWRLQFUHDVHWKHXVHRIZLQGJHQHUDWLRQ
RQWKHN9QHWZRUNLQ1RUWK:DOHVKDVEHHQLQYHVWLJDWHGWKURXJKDQHVWLPDWLRQRI
WKHGHJUHH WRZKLFKZLQGJHQHUDWLRQFXUWDLOPHQWFDQEHDOOHYLDWHGE\XVLQJFHUWDLQ
ORZHUSHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVLQSODFHRIWKH6/5VIRUHDFKN9
2+/7KHZLQGJHQHUDWLRQFXUWDLOPHQWDW5K\O)ODWZLQGIDUPWKDWKDVDFRQQHFWLRQ
WRWKHN9QHWZRUNLQ1RUWK:DOHVKDVEHHQVWXGLHG7KHSODQQHGSRZHURXWSXWV
RIYDULRXV DVVXPHGZLQG IDUP FDSDFLWLHV DW5K\O)ODW 0:DQGDOVR D VHULHVRI
XSVFDOHG ZLQG IDUPV DUH PD[LPLVHG XVLQJ 2SWLPDO 3RZHU )ORZ XQGHU WKH
FRQVWUDLQWV RI WKH PD[LPXP DOORZDEOH ZLQG JHQHUDWLRQ UDPS UDWHV WKH H[SHFWHG
DYDLODEOH SRZHUV RI 5K\O )ODWV DQG VWHDG\-VWDWH '/5 IRUHFDVWV RI 2+/V IRU XS WR
WKUHH-PLQXWHVWLPHVWHSVDKHDG 
7KH UHSODFHPHQW RI WKH 6/5V E\ WKH ORZHU SHUFHQWLOHV LH WKH VW UG DQG WK
SHUFHQWLOHVRI'/5IRUHFDVWVDQGWKHµSHUIHFW¶UDWLQJIRUHFDVWVLHUHDO-WLPHUDWLQJV
IRUHLJKWN92+/VVKRZVWKHSRWHQWLDOWRUHGXFHWKHZLQGJHQHUDWLRQFXUWDLOPHQW
GXHWRSRZHUWUDQVIHUFDSDFLWLHVRIN92+/VE\DQG
UHVSHFWLYHO\IRUD0:5K\O)ODWVZLQGIDUPDQGDQG
UHVSHFWLYHO\IRUD0:5K\O)ODWVZLQGIDUPRYHUDQHYDOXDWHGSHULRGRIDURXQG
WZR PRQWKV IURP  WR  6LQFH WKH H[SHFWHG DYDLODEOH ZLQG
SRZHUVDQG'/5IRUHFDVWVRIWKHFRQQHFWHGN92+/VDUHDOOLQIHUUHGIURPZLQG
VSHHG PHDVXUHPHQWV DW ZHDWKHU VWDWLRQV WKHLU SRVLWLYH FRUUHODWLRQV PD\ EH KLJKHU
WKDQ LQ DFWXDOLW\ 7KLV PD\ OHDG WR WKDW FRQVHUYDWLYHO\ VHW OLPLWV WR WUDQVIHU RQ WKH
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FRQQHFWHGOLQHVDUHXVXDOO\KLJKDWWKHVDPHWLPHDVWKHUHDUHKLJKH[SRUWVIURP5K\O
)ODWV7KHUHIRUHWKHVLJQLILFDQWUHGXFWLRQLQZLQGJHQHUDWLRQFXUWDLOPHQWDFKLHYHGE\
XVLQJ'/5IRUHFDVWVLQSODFHRI6/5VPD\EHRYHUHVWLPDWHGLQWKHZRUNFRQGXFWHG
KHUH)XUWKHUPRUHWKHDFWXDOUDWLQJVRIWKHFRQQHFWHG2+/VDUHIRXQGWREHPRVWO\
VXIILFLHQW WR GHOLYHU WKH RXWSXWV IURP 5K\O )ODWV GXH WR WKHLU UHODWLYHO\ VLJQLILFDQW
SRVLWLYH FRUUHODWLRQV 7KLV UHGXFHV WKH ULVN RI RYHUORDGLQJ RQ WKH FRQQHFWHG 2+/V
ZKHQWKHDGRSWHGORZHU'/5SHUFHQWLOHVDUHJUHDWHUWKDQWKHDFWXDOUDWLQJV7KHXVH
RI WKH UHODWLYHO\ FRQVHUYDWLYH 6/5V LV IRXQG WR DYRLG WKH RYHUORDGLQJ RQ WKH
FRQQHFWHG 2+/V EXW DW D FRVW RI ORVLQJ D FHUWDLQ KHDGURRP IRU 5K\O )ODWV WR SXW
DGGLWLRQDOHOHFWULFLW\RQWRWKHQHWZRUN 
8.6. )XWXUH:RUN 
8.6.1. ,PSURYLQJZHDWKHUIRUHFDVWLQJPRGHOV 
%XLOGLQJ RQ WKH SUHVHQW ZRUN IXWXUH UHVHDUFK FDQ GHYHORS RWKHU SUREDELOLVWLF
IRUHFDVWLQJPRGHOVIRUZHDWKHUYDULDEOHVDQGDVVHVVWKHLUSHUIRUPDQFHZLWKUHVSHFWWR
WKHFDOLEUDWLRQDQGVKDUSQHVVRISUREDELOLVWLF IRUHFDVWV VRDV WRGHWHUPLQH WKHPRVW
VXLWDEOHPRGHOV WRSURGXFHGLVWULEXWLRQVRIZHDWKHUIRUHFDVWV:KHQGHYHORSLQJWKH
ZHDWKHU-EDVHG'/5IRUHFDVWLQJDSSURDFKHVIRUGLIIHUHQWFDVHVWKHW\SHVRIZHDWKHU
IRUHFDVWLQJPRGHOVVKRXOGEHFDUHIXOO\GHWHUPLQHGLQFOXGLQJWKHPRGHORUGHUOHQJWK
RI VOLGLQJ WUDLQLQJ ZLQGRZ KRZ RIWHQ WKH PRGHO¶V SDUDPHWHUV EHLQJ XSGDWHG HWF
&RPSXWDWLRQWLPHLVDQRWKHULVVXHWREHFRQVLGHUHG)RUH[DPSOHD9$5IRUHFDVWLQJ
PRGHOLVIRXQGKHUHWRUHTXLUHORQJHUWLPHWKDQDQ$5PRGHOWRGHWHUPLQHPRGHO¶V
SDUDPHWHUVGXULQJWKHSURFHVVRI&536PLQLPLVDWLRQLHDERXWDQGVHFRQGV
RQDYHUDJHIRU9$5DQG$5PRGHOVUHVSHFWLYHO\IRUZLQGVSHHGIRUHFDVWLQJ$
XQLYDULDWH$5PRGHORIDKLJKHURUGHUWKDWKDVIHZHUDXWR-UHJUHVVLYHSDUDPHWHUVWKDQ
DORZHU-RUGHU9$5PRGHOLVWKHQXVHGIRUZLQGVSHHGDQGZLQGGLUHFWLRQIRUHFDVWLQJ
GXHWRWKHUHGXFWLRQLQFRPSXWDWLRQWLPHDQGWKHVLPLODUIRUHFDVWLQJSHUIRUPDQFH 
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3RLQWIRUHFDVWVRIVRODUUDGLDWLRQKDYHEHHQXVHGLQVWHDGRISUREDELOLVWLFIRUHFDVWVWR
HVWLPDWHWKHGLVWULEXWLRQVRI'/5IRUHFDVWVLQWKLVZRUN)XWXUHUHVHDUFKFDQGHYHORS
DSUREDELOLVWLF IRUHFDVWLQJPRGHO IRU VRODU UDGLDWLRQDQGH[DPLQH WKHKLVWRJUDPVRI
SUREDELOLW\ LQWHJUDO WUDQVIRUP IRU '/5 IRUHFDVWV WKDW DUH GHULYHG IURP SUHGLFWLYH
GLVWULEXWLRQVRIVRODUUDGLDWLRQVRDVWRHVWLPDWHWKHGHJUHHWRZKLFKWKHFDOLEUDWLRQRI
SUREDELOLVWLF '/5 IRUHFDVWV FDQ EH LPSURYHG RYHU XVH RI SRLQW IRUHFDVWV RI VRODU
UDGLDWLRQ 
8.6.2. 0RGHOOLQJXQFHUWDLQWLHVRIVSDWLDOLQWHUSRODWLRQ 
7KHXQFHUWDLQWLHVRIZHDWKHUIRUHFDVWVKDYHEHHQVXFFHVVIXOO\LQFOXGHGLQSUHGLFWLYH
GLVWULEXWLRQVRI'/5VLQWKHSUHVHQWZRUN)RUDSDUWLFXODUVSDQLQFORVHSUR[LPLW\WR
DZHDWKHUVWDWLRQWKHXQFHUWDLQW\RI'/5IRUHFDVWVLVPDLQO\LQIOXHQFHGE\WKHVL]H
RIHUURUVRIZHDWKHUSUHGLFWLRQV)RUDQHQWLUH2+/WKHVSDWLDOLQWHUSRODWLRQPRGHOV
XVHG LQ WKHZHDWKHU-EDVHG'/5IRUHFDVWLQJPRGHOSURSRVHGKHUHFDQQRWPRGHO WKH
XQFHUWDLQWLHVRI VSDWLDO LQWHUSRODWLRQVRIZHDWKHUYDULDEOHV IRU HDFKVSDQZLWKLQ WKH
OLQHWKRXJKWKH\KDYHEHHQLPSURYHGWRJLYHPRUHDFFXUDWHSRLQWHVWLPDWHVWKDQWKH
PHWKRGVHPSOR\HGLQSUHYLRXVZRUNXQGHUWDNHQE\'XUKDP8QLYHUVLW\6LQFHVSDWLDO
LQWHUSRODWLRQHUURUVRIZHDWKHUYDULDEOHVDUHIRXQGWRFDXVHPRUHVLJQLILFDQWHUURUVRI
VWHDG\-VWDWH'/5HVWLPDWHVWKDQZHDWKHUIRUHFDVWHUURUVRQDYHUDJHLQ WKLVUHVHDUFK
LW LV UHFRPPHQGHG WKDWPRGHOOLQJ WKHXQFHUWDLQWLHVRI VSDWLDO LQWHUSRODWLRQEHWZHHQ
ZHDWKHUYDULDEOHV DQG UHIOHFWLQJ WKHLU HIIHFWV RQ '/5 IRUHFDVWV IRU D FRPSOHWH OLQH
VKRXOGEHDGGUHVVHGLQIXWXUHUHVHDUFK 
8.6.3. 9DOLGDWLRQRI'/5FDOFXODWLRQV 
3UREDELOLVWLF IRUHFDVWV RI VWHDG\-VWDWH DQG WUDQVLHQW-VWDWH '/5V HVWLPDWHG IURP WKH
$5-&+IRUHFDVWLQJPRGHOVKDYHEHHQDVVHVVHGEDVHGRQWKHUDWLQJVHVWLPDWHGYLDWKH
ZHDWKHUREVHUYDWLRQVZKHQWKHWLPHFRPHV$SUDFWLFDOFRQVLGHUDWLRQLVYDOLGDWLRQRI
ERWKVWHDG\-VWDWHDQGWUDQVLHQW-VWDWH'/5FDOFXODWLRQV6LQFHWKHZHDWKHU-EDVHG'/5
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IRUHFDVWLQJ PRGHO PDLQO\ UHOLHV RQ WKH WKHUPDO PRGHO RI RYHUKHDG FRQGXFWRUV WKH
SDUDPHWHUV HJ UHSUHVHQWLQJ FRQGXFWRU PDWHULDO SURSHUWLHV LQ WKH VWHDG\-VWDWH DQG
QRQ-VWHDG\-VWDWH KHDW EDODQFH HTXDWLRQV VKRXOG EH FDOLEUDWHG EDVHG RQ WKH DFFXUDWH
UHDO-WLPH PHDVXUHPHQWV SURYLGHG E\ VRPH IRUP RI '/5 PRQLWRULQJ WHFKQLTXHV LQ
IXWXUHUHVHDUFK)RUH[DPSOHFRQGXFWRUWHPSHUDWXUHVFDOFXODWHGIURPWKHPHDVXUHG
ZHDWKHU GDWD DQG OLQH FXUUHQWV E\ WKH FRQYHQWLRQDO DSSURDFK WKDW XVHV WKH DYHUDJH
FRQGXFWRUWHPSHUDWXUHZLWKDWLPHLQWHUYDORIVHFRQGVFDQEHFRPSDUHGZLWKZKDW
WKHPRQLWRULQJ HJ2YHUKHDG7UDQVPLVVLRQ/LQH0RQLWRULQJ >@RU3RZHU'RQXW
>@VXJJHVWVWKH\DFWXDOO\DUH 
8.6.4. )XUWKHUHQKDQFHPHQWLQWUDQVLHQW-VWDWHFDOFXODWLRQV 
7KH DQDO\WLFDO PHWKRG HQKDQFHG KHUH IRU WKH WUDQVLHQW-VWDWH FRQGXFWRU WHPSHUDWXUH
PRGHOOLQJKDVVKRZQLWVDGHTXDWHDFFXUDF\DQGIDVW-FRPSXWDWLRQDODELOLW\+RZHYHU
WKH HQKDQFHG DQDO\WLFDO PHWKRG LV OLNHO\ WR RYHUHVWLPDWH WKH JURZWK LQ FRQGXFWRU
WHPSHUDWXUH ZKHQ WKHUH LV D VLJQLILFDQW WUDQVLHQW LQFUHDVH LQ OLQH FXUUHQW 7KLV ZLOO
UHVXOWLQDQXQGHUHVWLPDWLRQLQWKHHQKDQFHGDQDO\WLFDOPHWKRGEDVHGWUDQVLHQW-VWDWH
'/5 HVSHFLDOO\ IRU WKH WLPH KRUL]RQ RI  PLQXWHV )XWXUH UHVHDUFK FDQ IXUWKHU
UHILQH WKH DQDO\WLFDO PHWKRG HQKDQFHG KHUH WR LPSURYH WKH DFFXUDF\ RI FRQGXFWRU
WHPSHUDWXUH HVWLPDWLRQ )XUWKHUPRUH WKH DSSURDFK WR SUREDELOLVWLF IRUHFDVWLQJ RI
WUDQVLHQW-VWDWH'/5VIRUDSDUWLFXODUVSDQVKRXOGEHH[WHQGHGIRUDFRPSOHWH2+/
XVLQJVSDWLDO LQWHUSRODWLRQPRGHOV WR LQIHUSRVVLEOHZHDWKHUSUHGLFWLRQVH[SHULHQFHG
DW DOO VSDQV 0RUHRYHU IXWXUH UHVHDUFK FDQ WHVW WKH DSSURDFKHV¶ SHUIRUPDQFH RYHU
ORQJHU IRUHFDVW WLPH KRUL]RQV +RZHYHU JLYHQ D ORQJHU WLPH IRU D FRQGXFWRU WR
UHVSRQG WR WKH FKDQJH LQ OLQH FXUUHQW DQG DQ LQFUHDVH LQ WKH IRUHFDVW HUURUZLWK DQ
LQFUHDVHGWLPHKRUL]RQDORQJWLPHKRUL]RQIRUHFDVWRIWUDQVLHQWUDWLQJLVXQOLNHO\WR
JLYH PXFK HQKDQFHPHQW RYHU WKH VWHDG\-VWDWH '/5 ,Q DGGLWLRQ WKH H[WUD WKHUPDO
KHDGURRP ZKLFK FDQ EH H[SORLWHG E\ WKH ORZHU SHUFHQWLOHV RI VWHDG\-VWDWH '/5
IRUHFDVWV IRU D ORQJHU IRUHFDVW KRUL]RQ ZLOO GHFUHDVH GXH WR WKH LQFUHDVHG IRUHFDVW
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HUURU )RU WKH VWHDG\-VWDWH '/5 IRUHFDVWLQJ EH\RQG DURXQG  KRXUV LW ZRXOG PRVW
OLNHO\ GHSHQG RQ XVH RI QXPHULFDO ZHDWKHU SUHGLFWLRQ E\ VSHFLDOLVW PHWHRURORJLVWV
UDWKHUWKDQVWDWLVWLFDOPRGHOVWKRXJKVWDWLVWLFVFDQKHOSLQWKHHYDOXDWLRQRIHQVHPEOH
IRUHFDVWV 
8.6.5. &KDOOHQJHVUHJDUGLQJWKH'/5DSSOLFDWLRQ 
:KHQHYDOXDWLQJWKHSRWHQWLDODSSOLFDWLRQRISUREDELOLVWLF'/5IRUHFDVWLQJIRUZLQG
SRZHULQWHJUDWLRQLWLVPRUHUHDVRQDEOHWRXVHDQDYHUDJHSRZHUFXUYHIRUPXOWLSOH
WXUELQHVZLWKLQDZLQGIDUPWRFDOFXODWHWKHDYDLODEOHZLQGSRZHUVUDWKHUWKDQXVLQJ
DJHQHULFSRZHUFXUYHIRUDVLQJOHWXUELQHZKLFKPD\KDYHOHGWRDQRYHUHVWLPDWLRQ
LQWKHDYDLODEOHZLQGSRZHULQWKLVZRUN,IDFWXDOUHFRUGVRIDYDLODEOHSRZHURXWSXWV
IURPZLQGIDUPVDUHSURYLGHGWKHUHODWLYHO\VLJQLILFDQWSRVLWLYHFRUUHODWLRQVEHWZHHQ
WKHH[SHFWHGDYDLODEOHZLQGSRZHUVDQGSRZHU WUDQVIHUFDSDFLWLHVRI WKHFRQQHFWHG
2+/VZKLFKDUHHVWLPDWHGIURPWKHZLQGVSHHGPHDVXUHPHQWVDWZHDWKHUVWDWLRQVLQ
WKHZRUNFRQGXFWHGKHUHFDQEHDYRLGHG)XUWKHUPRUHXQFHUWDLQWLHV LQ IRUHFDVWVRI
V\VWHPGHPDQGVDQGDYDLODEOHZLQGSRZHUVVKRXOGEHDGGUHVVHGDQGLQFOXGHGLQWKH
VFKHGXOLQJLQIXWXUHUHVHDUFK,WLVDOVRRIYDOXHWRFRPSDUHWKHOLQHFXUUHQWVFKHGXOHG
E\WKHDGRSWHGSHUFHQWLOHVRIVWHDG\-VWDWH'/5IRUHFDVWVZLWKWKHWUDQVLHQW-VWDWH'/5
RIHDFKVSDQWRH[DPLQHZKHWKHUWKHPD[LPXPDOORZDEOHFRQGXFWRUWHPSHUDWXUHZLOO
EHH[FHHGHGRYHUDVSHFLILHGWLPHSHULRG 
)RUWUDQVPLVVLRQV\VWHPVRSHUDWHGWREH1-RU1-VHFXUH WKHORDGLQJRQPRVWRI
WKHLU 2+/V PD\ EH PXFK ORZHU WKDQ WKH 6/5 7KLV ZLOO OHDG WR WKH H[WUD WKHUPDO
KHDGURRPH[SORLWHGE\WKH'/5WHFKQLTXHVQRWEHLQJIUHTXHQWO\XVHGDQGFRQVWUDLQ
WKHEHQHILWV WKDWFDQEHEURXJKWE\WKH'/5)RUDKHDYLO\ORDGHGQHWZRUNV\VWHP
RSHUDWRUV ZLOO WHQG WR EH ULVN DYHUVH DQG LQFXU WKH SHQDOW\ RI IRU H[DPSOH KLJKHU
FRQJHVWLRQFRVWVUDWKHUWKDQH[SRVHGWRDQ\VLJQLILFDQWSUREDELOLW\RIDFRQGXFWRU¶V
WHPSHUDWXUH H[FHHGLQJ LWV OLPLW7KHFRPIRUW ]RQHRI V\VWHPRSHUDWRUV LVEDVHGRQ
WKHLU KDQGV-RQ NQRZOHGJH RI KRZ WKH QHWZRUN UHVSRQGV WR FKDQJHV LQ D G\QDPLF
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HYHQW DQGZKLFKDFWLRQVKDYH JUHDWHU UHOLDELOLW\ IRU WKLV W\SHRI HYHQW DQGDPELHQW
FRQGLWLRQV7KHUHIRUHRSHUDWLRQV¶ULVNDYHUVHLVDFRQVWUDLQWWKDWKDVWREHRYHUFRPH
EHIRUHWKHZLGHDSSOLFDWLRQRI'/5WHFKQLTXHV,IWKH'/5IRUHFDVWLQJPHWKRGRORJ\
LVVXFKWKDWWKHIRUHFDVWSHUFHQWLOHVFDQEHUHJDUGHGZLWKFRQILGHQFHWKH\WKHQJLYHD
SUREDELOLW\RIWKHDFWXDOUDWLQJEHLQJORZHUWKDQWKHYDOXHEHLQJDVVXPHGE\DV\VWHP
RSHUDWRU7KHFKRLFHRISHUFHQWLOHVKRXOGEHLQIRUPHGE\WKHLPSDFWRIH[FHHGDQFH
WKHFRUUHFWLYHDFWLRQVOLNHO\WREHUHTXLUHGDQGWKHLUFRVWV>@7KLVZRXOGDOORZWKH
V\VWHPRSHUDWRUWRIHHOVXLWDEO\FRQILGHQWDERXWWKHULVNDVVRFLDWHGZLWKWKHVHOHFWHG
'/5SHUFHQWLOH)XWXUHUHVHDUFKVKRXOGH[SORUHWKHQDWXUHRIULVNLQUHODWLRQWRXVHRI
GLIIHUHQWSHUFHQWLOHVRI'/5IRUHFDVWVDQGDVVHVVWKHFRVWVRIFRUUHFWLYHDFWLRQVZKHQ
SRZHUWUDQVIHUVH[FHHGWKHUHDO-WLPHUDWLQJV 
$QRWKHU LVVXH ZLWK WKH '/5 DSSOLFDWLRQ FRQFHUQV WKH RSHUDWRU GLVSOD\ LQWHJUDWLRQ
7KHGLVSOD\RI LQIRUPDWLRQ UHOHYDQW WR'/5 UHTXLUHGE\GLIIHUHQW V\VWHPRSHUDWRUV
YDU\ZLGHO\EDVHGRQWKHW\SHRIDSSOLFDWLRQDQGRSHUDWLQJSUDFWLFHHWF>@$EDVLF
UHTXLUHPHQWLVWRLQIRUPWKHULVHRIWKHUHDO-WLPHUDWLQJDERYHWKHDFWXDO ORDGLQJRQ
DQ2+/,QWKHFDVHRIWKHOLQHORDGH[FHHGLQJWKHUHDO-WLPHVWHDG\-VWDWHUDWLQJWKH
WLPHDYDLODEOHIRUWKHV\VWHPRSHUDWRUWRVRUWRXWWKHRYHUORDGLQJEHIRUHYLRODWLQJD
PLQLPXPUHTXLUHGFOHDUDQFHRUWKHWLPHZKHQFRQGXFWRUWHPSHUDWXUHZRXOGUHDFKD
PD[LPXPSHUPLVVLEOHOLPLWVKRXOGEHGLVSOD\HG>@)XUWKHUPRUHV\VWHPRSHUDWRUV
FDQEHLQIRUPHGZLWKWKHWUDQVLHQWUDWLQJWKDWZRXOGODVWIRUPLQXWHVRUDORQJHU
SHULRG>@EDVHGRQWKHSUHVHQWVWDWHRIWKHFRQGXFWRUVHJFRQGXFWRUWHPSHUDWXUH
DQGZHDWKHUIRUHFDVWV7RHQDEOHWKHDSSOLFDWLRQRIWKH'/5IRUHFDVWLQJPHWKRGRORJ\
GHYHORSHG KHUH IXWXUH UHVHDUFK VKRXOG GHYHORS HIIHFWLYH GLVSOD\V WKDW KHOS V\VWHP
RSHUDWRUVNQRZWKHSRVVLEOHFRQVHTXHQFHVRIDGRSWLQJHDFKORZHUSHUFHQWLOHRI'/5
IRUHFDVWVDQGWKHFRUUHFWLYHDFWLRQVUHTXLUHGLIWKHUHDO-WLPHUDWLQJVDUHH[FHHGHG 
2QHRWKHUFKDOOHQJHUHJDUGLQJWKH'/5DSSOLFDWLRQLVWKHDFFXUDF\RI'/5HVWLPDWHV
SURYLGHGWRV\VWHPRSHUDWRUVZKLFKPD\EHGHJUDGHGGXHWRPHDVXULQJHUURUVRIWKH
PRQLWRULQJGHYLFHV)RUWKHZHDWKHU-EDVHGPRGHOGHYHORSHGKHUHDFRUUHFWLRQIDFWRU
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FDQEHDSSOLHGWRZHDWKHUPHDVXUHPHQWVEDVHGRQWKHHTXLSPHQWVSHFLILFDWLRQVKHHWV
WRHQVXUHDFRQVHUYDWLYHUDWLQJHVWLPDWLRQ>@$VZDVGLVFXVVHGLQ6HFWLRQWKH
ZHDWKHU-EDVHGPRGHO LV OLNHO\ WR VXIIHU IURPVSDWLDO LQWHUSRODWLRQHUURUVRIZHDWKHU
YDULDEOHVHVSHFLDOO\IRU2+/VORFDWHGLQFRPSOH[WHUUDLQV7KHUHIRUHLWLVQHFHVVDU\
WRSODFHDGGLWLRQDOFRQGXFWRUWHPSHUDWXUHRUVDJWHQVLRQPRQLWRULQJGHYLFHVWRFRYHU
PLFURFOLPDWHUHJLRQVRUWRPRQLWRUDFLUFXLWLILWLVKLJKO\FULWLFDORULWVORVVRIVHUYLFH
ZRXOGKDYHDODUJHLPSDFW7KHVHPRQLWRULQJWHFKQRORJLHVJHQHUDOO\HVWLPDWHUDWLQJV
EDVHGRQDQHIIHFWLYHSHUSHQGLFXODUZLQGVSHHG(3:6ZKLFK LVGHULYHGIURPWKH
PHDVXUHGRULQIHUUHGFRQGXFWRUWHPSHUDWXUHFRPELQHGZLWKWKHPHDVXUHGOLQHFXUUHQW
DLUWHPSHUDWXUHDQGVRODUUDGLDWLRQ+RZHYHUDVQRWHGLQ6HFWLRQWKHDFFXUDF\RI
WKH(3:6-EDVHG'/5ZRXOGEHUHGXFHGWRYDU\LQJH[WHQWVGXHWRPHDVXULQJHUURUV
RI GLIIHUHQW YDULDEOHV EHLQJ PRQLWRUHG $ UHDVRQDEOH VDIHW\ PDUJLQ UHODWLYH WR WKH
(3:6-EDVHG'/5HVWLPDWHVKRXOGEHTXDQWLILHGIRUHDFKVSHFLILFFDVHGHSHQGLQJRQ
WKHOHYHOVRIWKHPRQLWRUHGYDULDEOHVDQGWKHLUPHDVXULQJHUURUV  
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$33(1',; 
$SSHQGL[$)RUPXOD'HULYDWLRQIRUD/HYHO6SDQ>@ 
)RUDVWDWLFOHYHOVSDQDVVKRZQLQ)LJ$-WKHQHWIRUFHLV]HURVRWKDWWKHQHWIRUFHV
DORQJWKHKRUL]RQWDODQGYHUWLFDOGLUHFWLRQVDUHERWK]HUR7KDWLVKRUL]RQWDOWHQVLRQV
DW WZRDWWDFKPHQWV ܪ஺ DQG ܪ஻ DUH HTXDO WR D FRPPRQYDOXH ܪ WKH VXPRI WKHLU
YHUWLFDOWHQVLRQV ஺ܸ DQG ஻ܸ HTXDOVWKHWRWDOZHLJKWRIWKHOLQHWKDWLVWKHSURGXFWRI
WKHOLQHOHQJWK ܮ௖ DQGWKHZHLJKWSHUXQLWOHQJWK ݓ ܪ஺ ൌ ܪ஻ ൌ ܪ $- ஺ܸ ൌ ஻ܸ ൌ ݓܮ௖  ? ?  $- 
 
)LJ$-$OHYHOVSDQ>@ 
7KH QHW WRUTXH  ?ܯ௢ DW DQ\ SRLQW DORQJ WKH VWDWLF OLQH HJ WKDW KDV D KRUL]RQWDO
GLVWDQFH ݔ௖ DQGDYHUWLFDOGLVWDQFH ݕ௖ሺݔ௖ሻ IURPWKHOHIWDWWDFKPHQWLVDOVR]HUR  ?ܯ௢ ൌ ܪ஺  ? ݕ௖ሺݔ௖ሻ ൅ ݓ  ? ݔ௖  ?௫೎ଶ െ ஺ܸ  ? ݔ௖ ൌ  ?  $- 
7DNLQJHTXDWLRQV$-DQG$-LQWRHTXDWLRQ$-LWFDQEHREWDLQHGWKDW ܪ  ? ݕ௖ሺݔ௖ሻ ൌ ݔ௖  ?ݓ ?  ?ሺܮ௖ െ ݔ௖ሻ $- 
244 
 
7KH OHQJWK RI D OLQH LV DVVXPHG QHDUO\ HTXDO WR LWV VSDQ OHQJWK LQ WKH SDUDEROLF
DSSUR[LPDWLRQLH ܮ௖ ؆ ܵ௖ZKLFKOHDGVWR ܪ  ? ݕ௖ሺݔ௖ሻ ؆ ݔ௖  ?ݓ ?  ?ሺܵ௖ െ ݔ௖ሻ $- 
7KHYHUWLFDOGLVWDQFH ݕ௖ሺݔ௖ ൌ ܵ௖  ? ? ሻ IURPWKHORZHVWSRLQW ݔ௖ ൌ ܵ௖  ? ?  WRWKHOHYHO
RIDWWDFKPHQWSRLQWVLVWKHVDJ ܦ௠ IRUDOHYHOVSDQ ܦ௠ ؆ ݓܵ௖ଶ ?ܪ $- 
%DVHGRQHTXDWLRQV$-DQG$-D IXQFWLRQRI WKHKRUL]RQWDOGLVWDQFHIURPWKH
OHIWDWWDFKPHQWSRLQW ݔ௖ UHSUHVHQWLQJWKHVKDSHRIWKHVSDQFDQEHGHILQHGDV ݕ௖ሺݔ௖ሻ ൌ  ?ݔ௖  ?ሺܵ௖ െ ݔ௖ሻ  ? ܦ௠ܵ௖ଶ  $- 
$SSHQGL[%)RUPXOD'HULYDWLRQIRUDQ,QFOLQHG6SDQ>@ 
$QLQFOLQHGVSDQRIWZRDWWDFKPHQWSRLQWVEHLQJDWGLIIHUHQWOHYHOVDVVKRZQLQ)LJ
%-LVFRQVLGHUHGWRFRQVLVWRIKDOIVHFWLRQVRIWZROHYHOVSDQVZLWKGLIIHUHQWVDJV ܦ௅
DQG ܦோ ZKLFKDUHFDOFXODWHGDV ܦ௅ ൌ ݓሺ ? ௅ܺሻଶ ?ܪ ൌ ݓܺ௅ଶ ?ܪ  %- ܦோ ൌ ݓሺ ? ோܺሻଶ ?ܪ ൌ ݓܺோଶ ?ܪ  % 
 
)LJ%-$QLQFOLQHGVSDQ>@ 
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ZKHUHWKHVXPRI ܺ௅ DQG ܺோ UHSUHVHQWLQJWKHKRUL]RQWDOGLVWDQFHVIURPWKHORZHVW
SRLQW WR OHIWDQGULJKWDWWDFKPHQWSRLQWV LVHTXDO WR WKHKRUL]RQWDOGLVWDQFHEHWZHHQ
WZRDWWDFKPHQWSRLQWV ܵ௖7KHQWKHYHUWLFDOGLVWDQFHEHWZHHQWZRDWWDFKPHQWSRLQWV
LVGHILQHGDV ݄௖ ൌ ܦ௅ െ ܦோ ൌ ݓ ?ܪሺܺ௅ െ ܺோሻሺܺ௅ ൅ ܺோሻ ൌ ݓܵ௖ ?ܪ ሺܺ௅ െ ܺோሻ %- 
%DVHGRQ ܵ௖ ൌ ܺ௅ ൅ ܺோ DQGHTXDWLRQ%- ܺ௅ DQG ܺோ DUHVROYHGWREH ܺ௅ ൌ ܵ௖ ? ൅ ܪ݄௖ݓܵ௖ ൌ ܵ௖ ? ൬ ? ൅ ?ܪ ௖݄ ?ݓ ௖ܵଶ൰ ൌ ܵ௖ ? ൬ ? ൅ ݄௖ ?ܦ௠൰ %- ܺோ ൌ ܵ௖ ? െ ܪ݄௖ݓܵ௖ ൌ ܵ௖ ? ൬ ? െ ?ܪ ௖݄ ?ݓ ௖ܵଶ൰ ൌ ܵ௖ ? ൬ ? െ ݄௖ ?ܦ௠൰ %- 
 
ZKHUH ܦ௠ ൌ ݓܵ௖ଶ  ?ܪ ?  FDQ EH FRQVLGHUHG WR EH WKH VDJ RI D OHYHO VSDQ WKDW KDV D
VSDQOHQJWKHTXDOWR ܵ௖RUWKHPLGSRLQWVDJRIDQLQFOLQHGVSDQWKDWKDVDKRUL]RQWDO
VSDQOHQJWKHTXDOWR ܵ௖ 
7KHIROORZLQJGHULYDWLRQVDUHWRSURYHWKHPLGSRLQWVDJRIDQLQFOLQHGVSDQHTXDOOLQJ
WKHVDJRIDOHYHOVSDQZLWKWKHVDPHKRUL]RQWDOVSDQOHQJWK ܵ௖$VVKRZQLQ)LJ%-
WKH PLGSRLQW VDJ ܦ௠ RI DQ LQFOLQHG VSDQ LV WKH GLIIHUHQFH EHWZHHQ ௠ܲ ௠ܲᇱ  LH WKH
YHUWLFDO GLVWDQFH IURP WKH KRUL]RQWDO PLGSRLQW RI WKH VSDQ WR WKH OHYHO RI OHIW
DWWDFKPHQWSRLQWDQG ݄௖  ? ? LHKDOIRIWKHYHUWLFDOGLVWDQFHRIWZRDWWDFKPHQWSRLQWV
ZKLFK KDV EHHQ GHILQHG LQ HTXDWLRQ %- 7KH YDOXH RI ௠ܲ ௠ܲᇱ  FDQ EH HVWLPDWHG
EDVHGRQHTXDWLRQ$- 
௠ܲ ௠ܲᇱ ൌ  ?  ?ܵ௖ ?  ? ቀ ?௅ܺ െ ܵ௖ ?ቁሺ ? ௅ܺሻଶ  ?ݓሺ ? ௅ܺሻଶ ?ܪ ൌ ݓܵ௖  ? ቀ ?௅ܺ െ ܵ௖ ?ቁ ?ܪ  %- 
%DVHGRQHTXDWLRQV%-DQG%-WKHPLGSRLQWVDJ ܦ௠ IRUDQLQFOLQHGVSDQLV ܦ௠ ൌ ௠ܲ ௠ܲᇱ െ ݄௖ ? ൌ ݓܵ௖ ?ܪ ൬ ? ௅ܺ െ ܺ௅ ൅ ܺோ ? െ ܺ௅ ൅ ܺோ൰ ൌ ݓܵ௖ ?ܪ  ? ൬ܺ௅ ൅ ܺோ ? ൰ ൌ ݓܵ௖ଶ ?ܪ %- 
ZKLFKHTXDOVWKHVDJRIDOHYHOVSDQZLWKDVSDQOHQJWK ܵ௖ 
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$SSHQGL[&(QKDQFHG$QDO\WLFDO0HWKRG 
,QDQRQ-VWHDG\-VWDWHKHDWEDODQFHHTXDWLRQIRURYHUKHDGFRQGXFWRUV>@WKHUDGLDWLRQ
KHDW ORVV UDWHSHUXQLW OHQJWK ܳ௥ LV QRQ-OLQHDUZLWK FRQGXFWRU WHPSHUDWXUH ௖ܶ DQG
WKHFRQYHFWLRQKHDWORVVUDWHSHUXQLWOHQJWK ܳ௖ ZLOOEHQRQ-OLQHDUZLWK ௖ܶ LID ܳ௖
LV GHWHUPLQHG E\ WKH QDWXUDO FRQYHFWLRQ KHDW ORVV UDWH ܳ௖௡ WKURXJKRXW D VSHFLILHG
WLPH SHULRG RU E ܳ௖ HYDOXDWHG DW WKH LQLWLDO FRQGXFWRU WHPSHUDWXUH ௖ܶ௜ DQG WKH
VWHDG\-VWDWH ILQDO WHPSHUDWXUH ௖ܶ௙௦௦ DUH GHWHUPLQHG E\ WKH IRUFHG FRQYHFWLRQ KHDW
ORVV UDWH ܳ௖௙ DQG ܳ௖௡ UHVSHFWLYHO\ $VVXPLQJ WKH FRROLQJ WHUPV WR EH OLQHDU ZLWK
௖ܶ א ൣ ௖ܶ௜ǡ ௖ܶ௙௦௦൧WKHQRQ-VWHDG\-VWDWHKHDWEDODQFHHTXDWLRQFDQEHZULWWHQDV  ?ሺ ௖ܶሺݐሻ െ ௔ܶሻ ?ݐ ൌ െ ܭ௖  ?ሺ ௖ܶሺݐሻ െ ௔ܶሻ݉  ? ܥ௣ ൅ ܫଶ  ? ܴ൫௖ܶሺݐሻ൯ ൅ ܳ௦݉  ? ܥ௣  &- 
ZKHUH  ?ሺ ௖ܶሺݐሻ െ ௔ܶሻ  ?ݐ ?  LVWKHFKDQJHUDWHRIWKHULVHRI ௖ܶ DERYHDLUWHPSHUDWXUH௔ܶ DW WLPH ݐ WHUPV ܫଶ  ? ܴ ܳ௦ DQG ݉  ? ܥ௣ UHSUHVHQW WKH-RXOHKHDWJDLQUDWHVRODU
KHDWJDLQUDWHDQGWRWDOKHDWFDSDFLW\RIWKHFRQGXFWRUSHUXQLWOHQJWK7KHVXPRI ܳ௖
DQG ܳ௥ LVDVVXPHGWROLQHDUO\LQFUHDVHZLWK ሺ ௖ܶ െ ௔ܶሻ DWDUDWH ܭ௖ RYHUWKHJLYHQ
WLPHSHULRG$VGLVFXVVHGLQ6HFWLRQWKHFRQGXFWRU¶VWKHUPDOHTXLOLEULXPDW
WKHVWDUWRIDJLYHQWLPHSHULRGLVFUHDWHGE\LQIHUHQFHRIDQHTXLYDOHQWVWHDG\-VWDWH
LQLWLDO OLQHFXUUHQW ܫ௜ǡ௘௤ IURP ௖ܶ௜ DQGZHDWKHU FRQGLWLRQV ݓܿ RYHU WKH WLPHSHULRG
XVLQJDVWHDG\-VWDWHKHDWEDODQFHHTXDWLRQ>@8QGHUWKHDVVXPSWLRQWKDW ሺܳ௖ ൅ ܳ௥ሻ
OLQHDUO\YDULHGZLWK ሺ ௖ܶ െ ௔ܶሻ DWDUDWH ܭ௖WKHVWHDG\-VWDWHKHDWEDODQFHHTXDWLRQDW
WKHVWDUWRIWKHWLPHSHULRGLVZULWWHQDV ܫ௜ǡ௘௤ଶ  ? ሺܴ ௖ܶ௜ሻ ൅ ܳ௦ሺݓܿሻ ൌ ܳ௖ሺ ௖ܶ௜ǡ ݓܿሻ ൅ ܳ௥ሺ ௖ܶ௜ǡ ݓܿሻ ൌ ܭ௖  ?ሺ ௖ܶ௜ െ ௔ܶሻ &- 
:KHQ ௖ܶ UHDFKHVWKHVWHDG\-VWDWHILQDOFRQGXFWRU WHPSHUDWXUH ௖ܶ௙௦௦ FRUUHVSRQGLQJ
WR WKH ILQDO OLQH FXUUHQW ܫ௙ DQG ݓܿ DIWHU WKH VWHS FKDQJHV WKH VWHDG\-VWDWH KHDW
EDODQFHHTXDWLRQLVZULWWHQDV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ܫ௙ଶ  ? ܴ൫௖ܶ௙௦௦൯ ൅ ܳ௦ሺݓܿሻ ൌ ܳ௖൫ ௖ܶ௙௦௦ǡ ݓܿ൯ ൅ ܳ௥൫ ௖ܶ௙௦௦ǡ ݓܿ൯ ൌ ܭ௖  ? ൫௖ܶ௙௦௦ െ ௔ܶ൯ &- 
7KHYDOXHRI ܭ௖ FDQWKHQEHHVWLPDWHGIURPHTXDWLRQV&-DQG&- 
ܭ௖ ൌ ܫ௙ଶ  ? ܴ൫௖ܶ௙௦௦൯ െ ܫ௜ǡ௘௤ଶ  ? ሺܴ ௖ܶ௜ሻ௖ܶ௙௦௦ െ ௖ܶ௜  &- 
7KH HTXDWLRQ &- FDQ EH FRQVLGHUHG DV D ILUVW-RUGHU OLQHDU WLPH LQYDULDQW /7,
V\VWHPZKLFKKDVDWLPHFRQVWDQW ߬ DQGKDVWKHVROXWLRQ>@ 
௖ܶሺݐሻ െ ௔ܶ ൌ ൫ ௖ܶ௙௦௦ െ ௔ܶ൯ ൅ ቀሺ ௖ܶ௜ െ ௔ܶሻ െ ൫ ௖ܶ௙௦௦ െ ௔ܶ൯ቁ  ? ݁ି௧ ఛ ?  &- 
ZKLFKFDQDOVREHZULWWHQDV 
௖ܶሺݐሻ ൌ ௖ܶ௜ ൅ ൫ ௖ܶ௙௦௦ െ ௖ܶ௜൯  ? ൫ ? െ ݁ି௧ ఛ ? ൯ &- 
SURYLGHGWKDWWKHLQFUHDVHLQ-RXOHKHDWJDLQUDWHDIWHUWKHVWHSRFFXUVLVDVWHSLQSXW
7KLVUHTXLUHVWKHYDOXHRIWKHDFUHVLVWDQFHWREHDVVXPHGDVDFRQVWDQWRYHUWKHWLPH
SHULRG$FFRUGLQJWR>@WKHFRQVWDQWDFUHVLVWDQFHLVHYDOXDWHGDWWKHDYHUDJH ௔ܶ௩௚
RI ௖ܶ௜ DQG ௖ܶ௙௦௦GHQRWHGE\ ܴ൫ ௔ܶ௩௚൯7KXVWKHVWHDG\-VWDWHKHDWEDODQFHHTXDWLRQV
LQ&-DQG&-DUHUH-GHILQHGDV ܫ௜ǡ௘௤ଶ  ? ܴ൫௔ܶ௩௚൯ ൅ ܳ௦ሺݓܿሻ ൌ ܭ௖ᇱ  ?ሺ ௖ܶ௜ െ ௔ܶሻ &- 
DQG ܫ௙ଶ  ? ܴ൫௔ܶ௩௚൯ ൅ ܳ௦ሺݓܿሻ ൌ ܭ௖ᇱ  ? ൫௖ܶ௙௦௦ െ ௔ܶ൯ &- 
7KHUHIRUHWKHHQKDQFHGDQDO\WLFDOPHWKRGDVVXPHVWKDWWKHVXPRIWKHFRROLQJWHUPV
OLQHDUO\FKDQJHVZLWK ሺ ௖ܶ െ ௔ܶሻ DWDUDWH ܭ௖ᇱ 
ܭ௖ᇱ ൌ ܫ௙ଶ  ? ܴ൫௔ܶ௩௚൯ െ ܫ௜ǡ௘௤ଶ  ? ܴ൫௔ܶ௩௚൯௖ܶ௙௦௦ െ ௖ܶ௜  &- 
$FFRUGLQJ WR >@ WKH WLPH FRQVWDQW ߬  RI WKH ILUVW-RUGHU /7, V\VWHP LV WKHQ
FDOFXODWHGDV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߬ ൌ ݉  ? ܥ௣ܭ௖ᇱ ൌ ݉  ? ܥ௣  ? ൫௖ܶ௙௦௦ െ ௖ܶ௜൯൫ܫ௙ଶ െ ܫ௜ǡ௘௤ଶ ൯  ? ܴ൫௔ܶ௩௚൯ &- 
7KH-RXOHKHDWJDLQUDWH ܫ௙ଶ  ? ሺܴ ௖ܶሻ RYHUWKHJLYHQWLPHSHULRGLQDFWXDOLW\FKDQJHV
ZLWK ܴሺ ௖ܶሻ ZKLFK LV DSSUR[LPDWHO\ HVWLPDWHG E\ OLQHDU LQWHUSRODWLRQ EHWZHHQ WKH
JLYHQ UHVLVWDQFHYDOXHV VSHFLILHG DW WZRSDUWLFXODU FRQGXFWRU WHPSHUDWXUHV >@)LJ
&- FRPSDUHV D WKH DFWXDO DQG DVVXPHG YDULDWLRQV LQ ܫ௙ଶ  ? ሺܴ ௖ܶሻ ZLWK ௖ܶ  WKDW
LQFUHDVHV IURP ௖ܶ௜ WR ௖ܶ௙௦௦ DQG DOVR E WKH FKDQJHV RI WKH OLQHDUL]HG ሺܳ௖ ൅ ܳ௥ሻ
ZLWK ௖ܶ  IURP ܭ௖  ?ሺ ௖ܶ௜ െ ௔ܶሻ  WR ܭ௖  ? ൫௖ܶ௙௦௦ െ ௔ܶ൯  DQG IURP ܭ௖ᇱ  ?ሺ ௖ܶ௜ െ ௔ܶሻ  WRܭ௖ᇱ  ? ൫௖ܶ௙௦௦ െ ௔ܶ൯6LQFH ܳ௦ LVDFRQVWDQWYDOXHRYHUWKHJLYHQWLPHSHULRG LW LVQRW
FRQVLGHUHGLQWKHIROORZLQJDQDO\VLVIRUVLPSOLFLW\7KHQWKHYDOXHVRIFRROLQJWHUPVܭ௖  ?ሺ ௖ܶ௜ െ ௔ܶሻ  ܭ௖  ? ൫௖ܶ௙௦௦ െ ௔ܶ൯  ܭ௖ᇱ  ?ሺ ௖ܶ௜ െ ௔ܶሻ  DQG ܭ௖ᇱ  ? ൫௖ܶ௙௦௦ െ ௔ܶ൯  HTXDOܫ௜ǡ௘௤ଶ  ? ሺܴ ௖ܶ௜ሻ ܫ௙ଶ  ? ܴ൫௖ܶ௙௦௦൯ ܫ௜ǡ௘௤ଶ  ? ܴ൫௔ܶ௩௚൯ DQG ܫ௙ଶ  ? ܴ൫௔ܶ௩௚൯ UHVSHFWLYHO\ 
 
)LJ &- 7KH DFWXDO DQG DVVXPHG -RXOH KHDW JDLQ UDWHV HYDOXDWHG DW ௖ܶ DQG WKH YDULDWLRQV LQ WKH
OLQHDUL]HGFRROLQJWHUPVZLWK ௖ܶ DWGLIIHUHQWUDWHV 
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7KH GLIIHUHQFH EHWZHHQ WKH DVVXPHG -RXOH KHDW JDLQ UDWH SHU XQLW OHQJWK WKH ILUVW
WHUPRQWKHULJKW-KDQGVLGHRIHTXDWLRQ&-DQGWKHDFWXDOYDOXHWKHVHFRQGWHUP
HYDOXDWHGDW ௖ܶ LVFDOFXODWHGDV 
 ?ܩܽ݅ ሺ݊ ௖ܶሻ ൌ ܫ௙ଶ  ? ൫ܴ ௔ܶ௩௚൯ െ ቈܫ௙ଶ  ? ሺܴ ௖ܶ௜ሻ ൅ ܫ௙ଶ  ? ൫ܴ ௖ܶ௙௦௦൯ െ ܫ௙ଶ  ? ሺܴ ௖ܶ௜ሻ௖ܶ௙௦௦ െ ௖ܶ௜  ?ሺ ௖ܶ െ ௖ܶ௜ሻ቉ &- 
$SRVLWLYH  ?ܩܽ݅ ሺ݊ ௖ܶሻ PHDQVDQRYHUHVWLPDWHGKHDWJDLQUDWHDQGYLFHYHUVD7KH
RYHUHVWLPDWLRQLQ-RXOHKHDWJDLQUDWHPHDQVWKHRYHUHVWLPDWLRQLQWKHWRWDOKHDWJDLQ
UDWHGXHWRWKHFRQVWDQW ܳ௦ RYHUWKHVSHFLILHGWLPHSHULRG7KHGLIIHUHQFHEHWZHHQ
WKHOLQHDUL]HGFRROLQJWHUPV ሺܳ௖ ൅ ܳ௥ሻ HYDOXDWHGDW ௖ܶ ZKLFKYDU\ZLWK ሺ ௖ܶ െ ௔ܶሻ
DW ܭ௖ᇱ WKHILUVWWHUPRQWKHULJKW-KDQGVLGHRIHTXDWLRQ&-DQG ܭ௖ WKHVHFRQG
WHUPLVFDOFXODWHGDV  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሺ ௖ܶሻൌ ቈܫ௜ǡ௘௤ଶ  ? ൫ܴ ௔ܶ௩௚൯ ൅ ܫ௙ଶ  ? ൫ܴ ௔ܶ௩௚൯ െ ܫ௜ǡ௘௤ଶ  ? ൫ܴ ௔ܶ௩௚൯௖ܶ௙௦௦ െ ௖ܶ௜  ?ሺ ௖ܶ െ ௖ܶ௜ሻ቉
െ ቈܫ௜ǡ௘௤ଶ  ? ሺܴ ௖ܶ௜ሻ ൅ ܫ௙ଶ  ? ൫ܴ ௖ܶ௙௦௦൯ െ ܫ௜ǡ௘௤ଶ  ? ሺܴ ௖ܶ௜ሻ௖ܶ௙௦௦ െ ௖ܶ௜  ?ሺ ௖ܶ െ ௖ܶ௜ሻ቉ 
&- 
$SRVLWLYH  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሺ ௖ܶሻ PHDQVDQRYHUHVWLPDWLRQ LQ WKH OLQHDUL]HGKHDW ORVV
UDWHDQGYLFHYHUVD7KHGLIIHUHQFHEHWZHHQ  ?ܩܽ݅ ሺ݊ ௖ܶሻ DQG  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሺ ௖ܶሻ DW௖ܶ LVWKHQFDOFXODWHGIURPHTXDWLRQV&-DQG&-  ?ܩܽ݅ ሺ݊ ௖ܶሻ െ  ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗ 
      ൌ ൫ܫ௙ଶ െ ܫ௜ǡ௘௤ଶ ൯  ? ൣܴ൫௔ܶ௩௚൯ െ ܴሺ ௖ܶ௜ሻ൧  ? ൬ ? െ ೎்ି்೎೔்೎೑ೞೞି்೎೔൰  
  ൌ ൫ܫ௙ଶ െ ܫ௜ǡ௘௤ଶ ൯  ?ோ൫்೎೑ೞೞ൯ିோሺ்೎೔ሻଶ  ? ൬ ? െ ೎்ି்೎೔்೎೑ೞೞି்೎೔൰׊ ௖ܶ א ൣ ௖ܶ௜ǡ ௖ܶ௙௦௦൧  &- 
(TXDWLRQ &- LV DOVR DSSOLHG WR WKH FDVH ZKHUH ௖ܶ GHFUHDVHV IURP ௖ܶ௜ DIWHU D
UHGXFWLRQLQOLQHFXUUHQWIURP ܫ௜ǡ௘௤ WR ܫ௙7KHULJKW-KDQGVLGHRIHTXDWLRQ&-LV
IRXQG WR EH DOZD\V JUHDWHU WKDQ RU HTXDO WR ]HUR 7KLV PHDQV WKDW XQGHU WKH
DVVXPSWLRQ RI D OLQHDU YDULDWLRQ LQ ሺܳ௖ ൅ ܳ௥ሻ  IURP ܭ௖  ?ሺ ௖ܶ௜ െ ௔ܶሻ  WR ܭ௖  ?
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൫ ௖ܶ௙௦௦ െ ௔ܶ൯WKHRYHUHVWLPDWLRQLQKHDWJDLQUDWHLVJUHDWHUWKDQWKDWLQWKHOLQHDUL]HG
KHDW ORVV UDWH RU WKH XQGHUHVWLPDWLRQ LQ KHDW JDLQ UDWH LV VPDOOHU WKDQ WKDW LQ WKH
OLQHDUL]HG KHDW ORVV UDWH ,Q RWKHU ZRUGV WKH HQKDQFHG DQDO\WLFDO PHWKRG WKDW
HYDOXDWHV WKH DF UHVLVWDQFH ܴ  DW ௔ܶ௩௚ ൌ ൫ ௖ܶ௜ ൅ ௖ܶ௙௦௦൯  ? ?  ZRXOG RYHUHVWLPDWH
FRQGXFWRU WHPSHUDWXUH DW WKH HQG RI WKH JLYHQ WLPH SHULRG LI WKH ሺܳ௖ ൅ ܳ௥ሻ GLG
OLQHDUO\YDU\ZLWK ሺ ௖ܶ െ ௔ܶሻ RYHUWKHWLPHSHULRG 
+RZHYHU DV QRWHG DERYH WKH DFWXDO FKDQJH UDWH RI ሺܳ௖ ൅ ܳ௥ሻ LV QRW FRQVWDQW EXW
LQFUHDVHV ZLWK ௖ܶ 7KLV PHDQV WKDW WKH OLQHDUL]HG KHDW ORVV UDWH ܭ௖  ?ሺ ௖ܶ െ ௔ܶሻ LV
DOZD\VJUHDWHUWKDQRUHTXDOWRWKHDFWXDO ሺܳ௖ ൅ ܳ௥ሻ HYDOXDWHGDW ௖ܶ א ൣ ௖ܶ௜ǡ ௖ܶ௙௦௦൧
7KH WRWDO RYHUHVWLPDWLRQ LQ ሺܳ௖ ൅ ܳ௥ሻ DIWHU WKH OLQHDUL]DWLRQ H[FHHGLQJ ሺ ?ܩܽ݅݊ െ ?ܮ݋ݏݏ௟௜௡௘௔௥௜௭௘ௗሻ RYHU D VSHFLILHG WLPH SHULRG ZLOO OHDG WR DQ XQGHUHVWLPDWHG ILQDO
FRQGXFWRUWHPSHUDWXUHDWWKHHQGRIWKHWLPHSHULRG7KHDQDO\VLVUHVXOWVLQ6HFWLRQV
 DQG  KDYH VKRZQ WKDW WKH WUDQVLHQW-VWDWH ILQDO FRQGXFWRU WHPSHUDWXUH LV
RYHUHVWLPDWHGE\ WKH HQKDQFHGDQDO\WLFDOPHWKRG IRUPRVWRI WKH WLPHDQGVOLJKWO\
XQGHUHVWLPDWHGLQDIHZFDVHV 
